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FOREWORD

This handbook is issued under the authority of DoD Directive
4160.21, "DoD Personal Property Utilization and Disposal
Program," 5 December 1980. Its purpose is to outline practical,
cost-effective methods for the recovery and recycling of scrap
by providing technical guidance on scrap identification and
segregation, scrap yard operations and merchandising of scrap.

DSAH 4160.1, TM 755-200, NAVSUP PUB 5523, AFM 68-3, MCO P4010. 24,
"Defense Scrap Yard Handbook," June 1966, is hereby cancelled.

The provisions of the handbook apply to the Office of the
Secretary of Defense (0SD), the Military Departments, the
Organization of the Joint Chiefs of Staff, the Unified and
Specified Commands, the Defense Agencies, and activities
administratively supported by OSD (hereafter called "DoD
Components™).

The handbook is effective immediately and is mandatory for use
by all DoD Components. Heads of DoD Components may issue
supplementary instructions only when necessary to provide for
unigue reguirements within their respective components.

Send recommended changes to this handbook through DoD Component
channels to:

Director

Defense Logistics Agency

ATTN: DLA-SMP

Cameron Station

Alexandria, Virginia 22304-6100

DoD Components may obtain copies of this handbook through their
publication channels. Other federal agencies may obtain copies
from HQ Defense Logistics Agency, ATTN: DLA-XPD, Cameron
Station, Alexandria, Virginia 22304-6100.
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CHAPTER |
INTRODUCTION

A. GENERAL

The security and defense of the United States
requires a massive expenditure of our natural re-
sources; and the rapid pace of technological ad-
vances in military equipment and repair parts will
generate even greater resource requirements in
the future. Efficient recovery and recycling of this
property, after it is no longer usable, is of the
utmost importance to recover strategic and critical
materials and precious metals needed for manufac-
ture of essential military material and consumer
goods and to conserve our natural resources and
energy in the production process.

B. PURPOSE

The purpose of this handbook is to outline prac-
tical, cost-effective methods for the recovery and
recycling of scrap (defined as personal property
that has been discarded for use and which appears
to have no value except for its basic material con-
tent). By providing the best available technical
guidance to all interested components of the De-
partment of Defense (DoD) on scrap identification
and segregation, scrap yard operations and mer-
chandising of scrap, it is intended that this hand-
book will result in worldwide DoD implementation
of proven methods to increase the payback from
the DoD Scrap Recycling Program.

C. OBJECTIVES

The broad objectives of the DoD Scrap Recycling
Program are to:

1. Ensure that no property with utilization or
sales value which exceeds the value of its material
content is processed as scrap.

2. Optimize procedures for cost-effective recov-
ery, recycling, or sales of scrap including precious
metal-bearing materials.

3. Assure processing of scrap is in strict com-
pliance with all applicable safety, health regula-
tions and environmental protection guidelines.

D. RESPONSIBILITIES OF DoD ACTIVITIES

1. General. The Federal Property and Admin-
istrative Services Act of 1949, as amended, as-
signed to the Administrator of General Services
responsibility for the disposition of excess and sur-
plus personal property (including scrap) generated

by Federal agencies in the United States. The Ad-
ministrator delegated responsibility for disposition
of all DoD generations of such property to the
Secretary of Defense, who subsequently assigned
overall command and management of the Defense
Personal Property Utilization and Disposal Pro-
gram to the Defense Logistics Agency. Specific re-
sponsibilities of the DoD activities primarily con-
cerned with scrap recycling are outlined below.

2. Military Services' Responsibilities:

a. Provide administrative and logistics sup-
port to tenanted Defense Property Disposal Re-
gional Offices (DPDRs) and to Defense Property
Disposal Offices (DPDOs) and their Off-Site
Branches, in consonance with applicable Interserv-
ice Support Agreements (ISAs). The U.S. Army
Logistics Management Center also provides spe-
cialized training support by conducting the De-
fense Scrap Management Course.

b. Establish and operate the DoD Resource
Recovery and Recycling Programs, Deputy Secre-
tary of Defense Memorandum, Sales of Recyclable
Materials (10 U.S.C. 2577), 28 Jan 83.

¢. Establish Qualifying Recycling Programs
at DoD installations including those which operate
under the industrial fund.

d. Ensure that those installations and de-
fense agencies with Qualifying Recycling Programs
make concerted efforts to divert or recover scrap
or waste from the waste streams, as well as efforts
to identify, collect, properly segregate, and main-
tain the integrity of the recyclable materials in
order to maintain or enhance the marketability of
the materials.

e. Report/turn in all authorized scrap gen-
erations to their servicing DPDOs.

f. Prepare disposal turn-in documents, DTID
(DD Form 1348-1 DOD Single Line Item Release/
Receipt Document,) and accurately identify all
scrap listed thereon.

g. Indicate on DTID that DoD Qualifying
Recycling Program material is identified as such
with funds to be deposited to the Budget Clearing
Account **F3875 ——— (**17 Navy, 21 Army, 57
Air Force and 97 for DoD Activities). No other
account is acceptable.

h. Properly containerize all hazardous prop-
erty in scrap condition before turn-in. Identify by
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labeling containers and annotate DD Form 134%-1
accordingly.

i. Monitor, with DPDO personnel, all prop-
erty sent to landfills to ensure no economically
salable or recyclable property is discarded.

j- Request DPDS provide sales services as
needed for recyclable marketable materials gener-
ated as a result of resource recovery programs.

3. Defense Logistics Agency (DLA)

Responsibilities:

a. Coordinate DoD policy guidance (devel-
oped by the Assistant Secretary of Defense (Man-
power, Installations, and Logistics) or other organi-
zational elements of the Office of the Secretary of
Defense) with the Military Services and other DoD
components, and with Federal civil agencies, as
appropriate.

b. Program, budget, fund, account for, allo-
cate and control personnel spaces and other re-
sources required to support DLA scrap recycling
activities.

¢. Provide agency level command and con-
trol of the Defense Personal Property Utilization
and Disposal Program (including scrap recycling
and precious metals recovery) worldwide.

4. Defense Property Disposal Service (DPDS)

Responsibilities:

a. Manage the DoD Scrap Recycling Pro-
gram (including precious metals recovery) and re-
lated financial records.

b. Command and control DPDRs.

¢. Implement applicable policies, develop
procedures and techniques, and initiate other ap-
propriate actions to ensure cost-effective and envi-
ronmentally safe implementation of scrap related
programs.

d. Comply with DoD guidance on demilitari-
zation of scrap generations.

e. Provide technical guidance to DPDRs re-
garding equipment procurement and development
of facilities required to enhance program effective-
ness.

f. Maintain and control the Consolidated
DoD Bidders List.

g. Respond to private and public sector in-
quiries pertaining to the recovery and sale of
scrap.

h. Provide sales services and marketing
advice to the Military Services on the operation of
the DoD Directive 4165.60, Solid Waste Manage-
ment-Collection Disposal, Resource Recovery Recy-
cling Program.

5. Defense Property Disposal Regrons «DPDRs)

Responsibilities:

a. Supervise and provide administrative and
technical support to assigned sales officets) and
DPDOs.

b. Coordinate. develop and implement re-
quired ISAs with DoD components.

c. Conduct sales and provide related con-
tracting support.

d. Provide appropriate command guidance
and technical assistance to DPDOs.

e. Assist all assigned organizational ele-
ments to obtain needed equipment and facilities.

f. Ensure that scrap is handled and stored in
strict compliance with applicable safety, health
and environmental protection guidelines as well as
security procedures.

g. Monitor compliance with DoD guidance
on the demilitarization of scrap.

6. Defense Propertv Disposal Offices (DPDOs)
Responsibilities:

a. Provide technical assistance to generating
activities in the identification, segregation, collec-
tion, and storage of scrap at its source and, where
feasible, provide containers to the scrap generator.

b. Receive authorized scrap generations.

c. Ensure adequate storage and security for
scrap receipts.

d. Dispose of scrap in such a way as to maxi-
mize net return to the Government.

e. Perform market research to determine
best sales method and optiinum lot sizes.

f. Inspect DoD Component Ilandfills to
ensure that no salable property or recyclable scrap
(including precious metal-bearing scrap) is aban-
doned.

- Optimize procedures for recovery of stra-
tegic and critical materials (including precious
metals) from scrap generations.

h. Ensure that scrap is handled and stored
in strict compliance with applicable safety, health
and environmental protection guidelines as well as
security procedures.

i. Comply with DoD guidance on demilitari-
zation of scrap.

7. Defense Property Disposal Precious Metals
Recovery Program: As operational manager for re-
covery aspects of the Precious Metals Recovery
Program (PMRP), DPDS provides recovery equip-
ment to generating activities on a nonreimbursa-
ble basis, issues disposition instructions for the
movement of precious metal-bearing materials to
collection/recovery sites, and performs contracting
and contracting support functions regarding the




recovery of precious metals by commercial refin-
ers.

As secondary level field activities reporting to
DPDS, the DPDRs, through assigned Precious
Metals Area Representatives (PMARs) provide
technical support to DoD and participating ieder-
al civil agency generating activities and DPDOs
and assist them in improving the cost effectiveness
of the PMRP.

8. Defense Industrial Supply Center (DISC) Re-
sponsibilities: As integrated DoD manager for fine
precious metals, DISC is responsible for storage
and issue of refined precious metals recovered
through the PMRP. Costs incurred by DPDS are
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totally reimbursed by DISC from Defense Stock
Fund.

9. Defense Contract Administration Seruvices
(DCAS) Responsibilitv: DCAS and its subordinate
Defense Contract Administration Services Regions
{(DCASRs), Defense Contract Administration Serv-
ices Management Areas (DCASMAs), and Defense
Contract Administration Services Plant Represent-
ative Offices (DCASPROs) under the direction of
the Director, DLA, administer assigned contracts,
including those which require contractors to dis-
pose of scrop generated from work specified in
their contracts.
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CHAPTER I
A SCRAP OVERVIEW

A. GENERAL

Thus far the term ‘“‘scrap” has been used in a
general sense. In the scrap recycling industry, the
word “‘scrap” usually applies only te {errous metal
materials (iron or steel) which have no value
except for their basic material content. “Metals” is
the term the scrap recycling industry uses to de-
scribe nonferrous scrap, such as brass, copper,
stainloss steels, high temperature alloys, lead, zinc,
aluminum, magnesium, manganese, cobalt, chro-
mium, tin, nickel, cadmium, tungsten, titanium,
mercury, and the precious metais. Other scrap,
such as textiles, paper, plastics, chemicals, used or
contaminated petroleum products, used synthetic
lubricants, used solvents, rubber, leather, wood
and food residue, are referred to as nonmetallic
scrap. In DoD, the term ‘‘waste’” means used or
unused property, residues, by-products, sludges,
and other materials which have no known utility
and, therefore, must be discarded.

B. FERROUS SCRAP

1. Although the terms “iron” and ‘“steel” are
frequently used interchangeably, they are not the
same. Both iron and steel belong to the ferrous
family, and their basic content is the element iron,
but iron and steel are quite different materials.

2. Iron has a rather high carbon content; and
" is cast into molds to produce such items as
~..omobile motor blocks. It tends to have a granu-
lar structure, like an apple.

3. Steel is also iron but has been refined to
eliminate most of the carbon. Steel can be either
carbon steel or alloy steel. Carbon steel, the most
common type of steel, varies in carbon content, the
higher the carbon content, the harder the steel.
Alloy steels are iron based but contain varying
amounts of other elements (such as chromium,
nickel, manganese, silicon, vanadium or molybde-
num) which are added to provide heat, wear and/
or corrosion resistance. Stainless steel, for exam-
ple, is an alloy steel which contains various per-
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centages of nickel and chromium. Steel is general-
ly fibrous, something like celery. It may be pro-
duced in the {rm of steel castings or rulled into
such produc - as bars, structural shapes, plates,
sheets, pipe and rails.

4. Use of iron and steel scrap, which has a
much lower carbon content than raw pig iron pro-
duced from iron ore, shortens the melting process
in all types of furnaces and thus significantly re-
duces energy requirements and other costs in-
volved in the manufacture of iron and steel prod-
ucts. Moreover, iron or steel manufactured from
recycled ferrous scrap usually results in a better
end product than that produced solely from raw
pig iron, no matter how old or rusted the scrap
may be.

5. Four types of furnaces—open-hearth, elec-
tric, basic oxygen and blast—constitute the princi-
pal producing units of today’s .teel industry (see
Fig. II-1).

a. The blast furnace is primarily used to
reduce iron ore into pig iron or “hot metal.” When
iron from the blast furnace is cast and chilled into
molds, it is called pig iron. When it is tapped into
a ladle and conveyed directly to an open-hearth
furnace for refining into steel, it is called hot
metal.

b. Ferrous materials are loaded into open-
hearth furnaces either as a “cold” charge (usually
iron and steel scrap) and/or a “hot metal” charge
of molten iron. About 41-43 percent of the tutal
ferrous input to open-hearth furnaces is scrap.
Limestone is used for the bottom layer of the fur-
nace to draw off impurities. Then iron ore, scrap
and hot metal are added, in that order, on top of
the limestone. Before the melting process is com-
pleted, more scrap and hot metal are usually
added. The tremendous hea. that passes over this
molten bath vaporizes impurities or a‘tracts them
to the top as slag. After 8 or 9 hours, the slag on
top is tapped off and the steel is poured into a
ladle for casting into ingots.
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¢. Basic oxygen furnaces that employ the
Linz-Donawitz (L~D) process (in which the bath of
molten metal is lanced with a jet of oxygen) use
only about 25-30 percent scrap. Because of their
relatively low cost of construction and operation
(as compared to open-hearth furnaces) and the fac:
that they require less than 1 hour per heat, L-D
capacity throughout the world is increasing.

d. Electric furnaces which use electric
energy for heat are operated as a nonoxidizing
melting furnace that can accept up to a 100 per-
cent charge of scrap under certain conditions.
(Normally, however, a charge of about 96 percent
scrap and four percent pig iron is used.) Because of
their low energy consumption and the low initial
capital outlay required, these furnaces are also
assuming an increased share of world steel produc-
tion.

6. Segregation of most ferrous scrap (iron and
carbon steel) is based more on the physical dimen-
sions of the scrap rather than on the chemical
composition of the scrap. However, in the case of
alloy steel scrap (see chapter V), segregation
should be based primarily on its alloying constitu-
ents.

C. NONFERROUS SCRAP

1. The term “nonferrous scrap” applies to all
metallic scrap except that which consists primarily
of iron and steel. Because of the fact that we must
depend on foreign sources for supply of a large
portion of our requirements for nonferrous metals,
and because of the high market price of nonfer-
rous scrap per unit of weight, the handling of non-
ferrous scrap deserves top priority attention by all
concerned.

2. Nonferrous metals have unique individual
properties and characteristics, such as high corro-
sion resistance, lightness with strength, high re-
flectability, electrical and thermal conductivity,
excellent bearing qualities, and spark resistance.
The strength, hardness, and elasticity of nonfer-
rous metals varies with the type of alloying con-
stituents and the exact percentage of each used in
the alloying process. A variation of only a few
tenths of one percent in one element of the alloy
may significantly change the physical characteris-
tics of the alloy.

3. Most of the difficulty that smelters encoun-
ter when using nonferrous scrap is a result of
contamination caused by improper segregation and
classification. When nonferrous scrap is kept
clean, properly classified, and free from contami-
nation with other materials, it can be used to
produce an ingot that compares favorably for
many purposes with a virgin ingot. Conversely,
any degree of contamination will seriously degrade
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the value of otherwise good scrap for use in pro-
ducing a fully acceptable alloy. Specifications for
all nonferrous alloys are very definite and strict.
The mixture of any quantity of off-grade scrap can
contaminate a pile of otherwise good quality scrap.
When this occurs in the remelting process, the
entire melt must be upgraded by adding more pre-
cisely identified metals (e.g., copper, tin) to bring
the alloy up to standard specifications.

D. NONMETALLIC SCRAP

The recovery of this type of scrap is a vitally
important element of the DoD Scrap Recycling
Program since it is continuously generated in
large quantities at all DoD installations. Although
it may not appear to be as glamorous to handle as
other types of scrap, it provides much greater ben-
efits (in terms of sales proceeds) because of its
higher value per ton than does ferrous scrap.
Those segments of the scrap recycling industry
concerned with processing nonmetallic scrap are,
in many ways, more complex and varied than
those concerned with metallic scrap.

E. SCRAP RECYCLING CONSERVES NATURAL
RESOURCES

1. As indicated at the beginning of chapter I,
the most important reason for recycling DoD scrap
generations is to conserve our rapidly dwindling
natural resources, including those required for the
production of energy. In addition, the DoD Scrap
Recycling Program can contribute significantly to
reducing the net cost of other DoD programs by
reducing outlays otherwise required to effect envi-
ronmentally safe abandonment or destruction of
hazardous scrap through costly service contracts.
This effort returns millions of dollars generated
from scrap sales to the U.S. Treasury and DoD
activities, and utilizes precious metals recovered
from scrap for authorized internal purposes or as
Government Furnished Material (GFM) to DoD
contractors.

2. A ton of recycled ferrous scrap can replace
over one and one fourth tons of iron ore in the
production of steel; and recycled nonferrous scrap
currently fulfills 25 percent of the aluminum, 50
percent of the copper, 50 percent of lead, and 14
percent of the zinc requirements of the United
States. Our metallic scrap resources can therefore
truly be considered as ‘‘mines above ground.”
Similarly, paper scrap can be considered as a ‘“sec-
ondary forest” since each ton of waste paper re-
places over eight-tenths of a ton of wood pulp, and
each ton of wood pulp saved by recycling paper
scrap is equivalent to an annual growth of pulp-
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wood timber on 1.6 acres of timberland. Thus, the
total benefits from paper recycling in the United
States currently equates to saving 200 million
trees annually or 20 percent of the total raw mate-
rials used in paper production. If we could in-
crease this rate to 50 percent, each year we could
conserve a forest equal in total area to the states
of New Jersey, New York, Pennsylvania and
Maryland. Recycling of other nonmetallic scrap,
such as textiles, rubber, oil, and chemicals, has a
comparable potential for making a significant con-
tribution to our national economy.

3. In the area of energy conservation, recy-
cling of ferrous scrap, in lieu of refining iron ore,
generates a 60 percent energy savings. For exam-
ple, the energy saved in producing 1000 tons of
steel from ferrous scrap is equivalent to that con-
tained in 140,000 gallons of gasoline. Energy sav-
ings resulting from the recycling of nonferrous

-4

scrap, in lieu of refining nonferrous ores, range
from 60 percent for lead and zinc to 80 percent for
copper and 96 percent for aluminum; and recy-
cling of paper and rubber scrap is 60 to 70 percent
more energy efficient than is the production of
paper and rubber from raw materials. Overall, the
National Association of Recycling Industries esti-
mates that at least two percent of total United
States energy demand could be met from energy
saved simply by recycling available steel, alumi-
num and paper scrap.

4. Despite the substantial benefits of scrap re-
cycling, as outlined above, in reality the DoD
Scrap Recycling Program to date has only ad-
dressed the ‘“‘tip of the iceberg.” It is therefore of
vital importance that DoD—as one of the world’s
major consumers of scarce natural resources—
takes the lead in enhancing the efficiency of its
recovery and recycling of scrap.
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CHAPTER 1lI
SCRAP YARD ORGANIZATION

A. GENERAL

The organization and mission of each DoD scrap
recycling activity varies depending on the quantity
and type of scrap recovered, the layout and quality
of available physical facilities and equipment, the
varying requirements of scrap buyers, and the
presence or absence of special legal, political or
environmental constraints. Therefore, rather than
arbitrarily suggesting specific scrap yard models to
which each DoD scrap yard should conform, this
handbook classifies scrap yards into three broad,
general categories, as follows:

1. Type “A” Scrap Yard—Small. This type of
scrap yard usually serves small activities (such as
recruiting stations, reserve units, small remote
communication stations, or auxiliary air stations)
which generate up to 500 tons of scrap per year.
The suggested layout of a Type “A” scrap yard is a
smaller scale version of the Type “B” yard.

2. Type “B" Scrap Yard—Medium (See Figure
III-1). This type of scrap yard serves slightly
larger activities that generate from 500 to 2000
tons of scrap per year.

3. Type “C” Scrap Yard—Large (See Figure
I11-2). This type of scrap yard supports major in-
stallations, including those which have large pro-
duction or repair activities (such as shipyards,
supply centers, air bases, large ammunition depots
or ordnance plants) that generate more than 2000
tons of scrap per year.

B. FACILITY LAYOUT

Each scrap yard should be designed to minimize
scrap handling and to enhance cost-effectiveness,
wherever feasible, by mechanizing scrap yard op-
erations. Each time a piece of scrap is moved, the
cost of handling that piece of scrap increases.
Therefore, whenever possible, the “handle it once”
rule should apply. Off-loading material from deliv-
ery trucks direct to the appropriate scrap pile or
lot will eliminate unnecessary duplicate handling.
The model layouts of Type A and B yards (Figure
I11-1) and a Type C yard (Figure III-2) are meant
only as guides. In designing new facilities or im-
proving existing facilities, consideration should be
given to the following factors:
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1. Access to Water or Rail Transportation. This
will not only facilitate mechanization of scrap yard
operations, but may significantly increase sales
proceeds by making it possible to market scrap in
shipload, bargeload or railcar lots.

2. Scrap Yard Office. The scrap yard office
should not only provide suitable administrative
space, but may also include secure covered storage
for high value scrap (e.g., that containing precious
metals), a break and lunch area for scrap yard
personnel, and a suitable reception and display
area in which to receive customers.

3. Truck/Railroad Scales (See Figure III-3).
Since scrap should be weighed when received or
released, consideration should be given to locating
the scale close to the scrap yard entrance. Howev-
er, this may not be essential, particularly in a
small scrap yard, if a nearby scale is available for
scrap yard use. Yards which normally receive and
release scrap in small quantities (generally less
than 10,000 pounds) should consider the use of
accurate platform scales or forklift scales as a sub-
stitute for a truck scale.

4. Storage Space. One of the most important
considerations in scrap yard layout is to identify
the quantity and type of inside and outside storage
required. Inside storage is needed for certain types
of hazardous material, for high value scrap requir-
ing special security arrangements, and for scrap
which must be protected from exposure to mois-
ture or to temperature extremes.

a. Examples of specific types of scrap that
require covered storage include the various grades
of paper and textile scrap which must be sold dry,
small arms brass which should be protected from
corrosion and exposure to undesirable contami-
nants which substantially reduce their value for
reloading, precious metal-bearing electronic scrap,
high temperature alloys, and copper scrap that
require storage under controlled conditions of tem-
perature and humidity (See Figure III-4).

b. Some forms of scrap (e.g., scrap tires, fer-
rous scrap) are best stored in open storage because
of their bulkiness, low value, or the quantity of
generations (See Figure III-5). Bulky items that
are most efficiently stored when palletized may
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Figure III-3. Truck scale. Scalehouse is located immediately adjacent to the scale.
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Figure IlI-4. High value scrap is accorded inside storage when space is available.
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Figure III-5. Open storage is a necessity for this quantity of ferrous scrap.

‘ Figure I11-6. A modern scrap recycling facility with concrete bins.

I1I-5
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require some form of improved surface to facilitate
safe loading, unloading and placement by forklift.
Although ferrous scrap can be stored on an unim-
proved surface, storage on an improved surface
will minimize dirt and gravel contamination from
loading operations.

¢. When expected generations of scrap are
known and predictable, bin storage is usually the
preferred type of storage. Where bins are used,
reinforced concrete bins constructed on concrete
pads have the advantage of being able to with-
stand damage inflicted during loading operations,
minimize contamination with dirt, and facilitate
zeroing-out of scrap inventory. Such bins can also

PoD 4160.21-H

aid in converting yesterday’'s ‘“junk yard’ into °
today's modern scrap recycling facility (See Figure
I11-6). The resulting improvement in the image
presented by a DoD scrap yard will be helpful in
promoting better public and host-tenant relations,
attracting increased buyer participation in DoD
scrap sales, and improving the morale of scrap
yard employees. Bins may also be constructed of
wood, pierced steel planking (PSP) or other locally
available materials. (See Figures III-7 and II-8).
In some cases, where generations fluctuate greatly,
it may be desirable to make use of movable divid-
ers, set on concrete pads, to delineate the backs
and sides of scrap bins.

Figure III-7. This scrap yard. although functional, has recently been upgraded (See Figure I11-8).

d. Other movable storage devices (such as
hoppers, drums, engine or Conex containers) may
be used, in addition to scrap bins, in order to mini-
mize manual handling of scrap, store small
amounts of high value scrap, promote source seg-
regation of scrap, and facilitate subsequent segre-
gation of scrap (See Figures I1I-9—II1-22).

e. In determining an optimum facility
layout, each scrap yard must carefully evaluate its
unique functional needs, considering types and
amounts of scrap to be handled, types and
amounts of equipment needed, geologic and climat-

ic conditions, and locations and suitability of avail-
able buildings and grounds. When physical im-
provements are appropriate, scrap yard personnel
must work closely with host engineers to define
their construction requirements. Since each new
construction project must be well documented,
thoroughly justified, and processed through
lengthy and time-consuming coordination and ap-
proved channels, it is imperative to identify and
quantify all costs and benefits, both tangible and
intangible, to ensure that it is cost-effective before
preparing and submitting a formal project request.
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Figure I1I-8.
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C. EQUIPMENT

1. Identifving Equipment Needs. Each scrap
yard must identify its equipment needs based upon
a thorough analysis of the following factors:

a. Safety and health requirements.

b. Environmental practices conforming to
all Federal, state, and local environmental laws.

c. Type of scrap received.

d. Frequency and magnitude of scrap gen-
erations.

e. Topographical and climatic conditions.

f. Facilities layout.

g. Legal and political constraints.

h. Availability of qualified equipment opera-
tors and suitable equipment maintenance support.

i. Costs versus benefits.

2. Safety Equipment. It is mandatory that
every DoD scrap yard be provided with appropri-
ate personal protective equipment (PPE); and the
scrap yard manager must ensure that other
needed safety equipment is readily available and
in continual use. PPE includes items such as
safety clothing, gloves, goggles, face shields, hard
hats and safety shoes. Included in the category of
other needed safety equipment are signs designat-
ing areas where the use of PPE is either mandato-
ry or recommended—and signs marking the loca-
tions of fire extinguishers, eyewashes, and safety
showers. Since safety is everyone’s business, it is
the responsibility of every scrap yard employee to
ensure that appropriate PPE is available and prop-
erly used. Equipment with safety features (e.g.,
cages, roll bars, kill switches) should be placed in
an inoperative status whenever safety features are
not fully functional or effective.

3. Equipment Determinations. Equipment for
Type A, B, or C scrap yards is not determined
solely on the basis of size of the yard, but rather
by need. If a Type B yard, which normally would
rot require a cable stripper, can justify the need
and show a cost payback from sale of large quanti-
ties of stripped copper wire, that Type B yard
should initiate action to obtain this equipment.

4. Equipment List. It is not feasible to sepa-
rately identify the specific equipment needed by a
particular scrap yard, since each scrap yard must
tailor its equipment inventory so as to optimize its
own scrap operations. This means that only
needed equipment should be retained, that it
meets specific needs of that scrap yard, and that it
be efficiently utilized. Tabulated below is a list of
basic scrap yard equipment from which each DoD
scrap yard should develop its own requirements:

a. Safety Equipment. There should be suffi-
cient personal protective equipment on hand to

|

meet the needs of all scrap yard employees and
scrap yard visitors. In addition, each scrap yard
must have its own eyewash unit(s) and shower(s),
fire extinguishers, first aid kits and signs marking
locations of the safety equipment.

b. Material Handling Equipment (MHE):

(1) Cranes, truck/rail mounted and/or
crawler, equipped with magnet(s) for handling fer-
rous scrap and other appropriate lifting accesso-
ries. (See Figures III-9 thru I11-12.)

(2) Forklifts (See Figures III-13 thru III-
15), in appropriate sizes (e.g., 4,000 1b., 6,000 lb.,
15,000 1b.), equipped with puncture proof tires and
appropriate accessories (e.g., rotary head, barrel
grabber). Sizes and numbers of forklifts at each
location should be determined by the type, size
and amount of scrap being handled. Local scrap
yard facilities and topographic conditions will de-
termine the mix of rough terrain models with
standard models, and electric models with internal
combustion models.

(3) Front end loaders, wheeled or crawler.
In some instances, it may be more cost-effective to
use front end loaders to move scrap than to use
cranes.

{4) Warehouse tugs may supplement fork-
lifts, in some instances, for moving and spotting
hoppers, engine containers, drums, boxes, and pal-
lets of scrap materials.

{(5) Trucks, dump, stake body or pickup—
used to move scrap and scrap yard personnel from
site to site when distances are excessive.

c. Sweepers, magnetic—used to keep paved
areas free from excessive dust and stray metal
scrap, to avoid foot injuries and damage to MHE
tires.

d. Scales:

(1) Rail or truck scales (See Figure I1I-3)—
used to measure and record weight of most scrap
receipts and dispositions.

{2) Platform scales, warehouse type—used
to measure and record weight of high value scrap
received, segregated and outloaded.

(3) Forklift scales—a useful forklift attach-
ment, sometimes more useful than platform scales.

(4) Gram scales—used for weighing of fine
precious metals.

e. Processing Equipment:

(1) Balers, paper and textile (See Figure
I1I-16)—used to facilitate handling of nonmetallic
scrap.

(2) Balers, metal (See Figure III-17)—use
of this equipment will reduce storage space re-
quirements and may significantly increase the
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market value of scrap. Also useful in demilitariz-
ing munitions list items.!

(3) Shears (See Figure I1I-18)—used for de-
militarization of munitions list items,! removing
nonferrous attachments from ferrous scrap and
cutting scrap to manageable size.

(4) Cable strippers—used to separate insu-
lating materials from copper wire and cable.

(5) Shredders—used to reduce bulk and
storage space for scrap metal, rubber, wood, paper,
glass and plastics. Makes such scrap more manage-
able, more economical to move and more valuable.

(6) Cutting torches (with appropriate ac-
cessories)—substitute for shears.

(7) Metal saws—substitute for shears, also
used to cut samples for analvsis or for inspection
by prospective buyers.

(8) Power tools—air or electric powered—
used for repetitive type scrap processing oper-
ations in place of handtools.

(9) Handtools (e.g., hammers, chisels, pry
bars, wrenches, pliers, screwdrivers)—used for seg-
regation of high value scrap and removal of pre-
cious metal-bearing scrap from scrapped end
items.

f. Metals Identification Equipment:
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(1) Small hand magnets—should be avail-
able to every scrap yard employee.

(2) Acid spot-testing kit—used for making
chemical spot-tests on scrap metal samples.

(3) Portable or bench grinders—used for
spark testing of scrap metals, sharpening tools,
and removing scale and oxides from scrap samples.

g. Metals Identification Instruments: Scrap
yards which receive large quantities of high value
metallic scrap may be able to justify procurement
of portable test instruments to previde rapid and
quite accurate identification and quantitative anal-
ysis of the constituent elements of metallic scrap
samples. Such instruments employ techniques ‘of
optical emission spectrometry, X-ray, radioisotope
fluorescence, thermoelectric response, and Eddy
current induction for rapid nondestructive analy-
sis.

h. Portable Storage Aids (See Figures III-
19—I11-22, and V-1, V-2). This type of equipment
(e.g., hoppers, engine containers, Conex containers,
triwall containers, drums, boxes, pallets, racks)
should be on hand in sufficient quantity to facili-
tate scrap storage and processing.

Figure 111-9. Crawler mounted, hvdraulic knuckle-boom crane with magnet.

1See DoD 4160.21-M-1, Defense Demilitarization Manual.
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tgure I11-11. Hvdraulically operated rotary grapple attachment.
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Figure I1-13. Forklift with rotary head attachmeant.
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Figure III-14. Another rotary head model, this one is equipped with a safety shield.

Figure I11-15. With the addition of platens on the forks, this rotary head is used to dump barrels.
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Figure I11-16. Paper and textile baler.

Figure HI-17. Metal baler.
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Figure I11-18. Metal shears. Note Plexiglass safetv shield in front of operator.

Figure I11-19. Storage devices such as these engine containers serve lo minimize manual handling of scrap property.
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ing storage aids.

Figure 111-20. Self-dumping hoppers are labor sav

and display scrap.

Figure 111-21. A pariety of containers can he used to stare, handle
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Figure I1I-22. Box or cage pallets are suitable for storage and display IO]; small, lightweight scrap and can be readily emptied by rotary
head forklifts.
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5. Specialized Processing Equipment.

a. The commercial scrap recycling industry
has invested millions of dollars in modern scrap
processing equipment in an effort to improve the
productivity of their scrap processing operations
and, by making optimum use of this equipment,
they have been able to minimize manual handling
of scrap and to package it in such a way as to
effect a significant increase in the cost-effective-
ness of subsequent phases of the private scctor’s
recycling effort. The U.S. Bureau of Mines works
closely with the private sector to promote opti-
mum exploitation of promising new technological
developments for recovering and recycling such
metals as aluminum, copper, lead, zinc, super
alloys and precious metals. Included among rele-
vant private or public sector research projects are
evaluations of improved techniques for compaction
and baling of scrap, shredding of scrap followed by
screening, air classification, and magnetic, Eddy
current, centrifugal, cryogenic flotation separation,
electrolysis, incineration, smelting, pyrolysis, and
various types of chemical processing. DoD scrap
yard managers should consider using one or more
of these techniques wherever they can be economi-
cally justified.

b. DoD scrap yard managers should also
consider using conveyor belt or drum type magnet-
ic separators (which the host activity may have
available for use in conjunction with automatic
feed and conveyor systems) to segregate ferrous
contaminants from brass shell casings; and they
should be alert to exploit any waste-to-energy con-
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servation projects that may become available at
nearby DoD or civilian installations. The operators
or owners of these projects may be interested in
accepting or even buying used petroleum products,
tires, wood and other combustible scrap for conver-
sion into heat or power.

D. SUMMARY

1. Development and Planning. Before develop-
ing a new scrap yard facility, or modernizing an
old facility, a comprehensive engineering study
should be conducted to ensure that drainage, soil
characteristics, access and other environmental
factors are properly evaluated. For example, the
scrap yard site should be fenced and landscaped to
provide both a visual and security shield; and ef-
fective provisions for abatement of water, air and
noise pollution should be engineered into the facil-
ity design.

2. Layout. The scrap yard layout should pro-
vide for a continuous and efficient flow of scrap;
and internal movement of scrap should be mini-
mized by placing carefully selected processing
equipment adjacent to the appropriate storage
areas and by locating storage areas adjacent to
loading stations (e.g., installing ferrous scrap bins
adjacent to-a rail spur).

3. Work Flow. Manual handling of scrap
should be minimized to the extent economically
justified, by imaginative use of modern labor
saving equipment.
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CHAPTER IV
SEGREGATION AND IDENTIFICATION

A. SEGREGATION AT THE SOURCE

1. The most critical rule in the initial han-
dling of scrap is to ensure source segregation at all
locations where scrap is initially generated. Chap-
ter V specifies the Scrap Classification List (SCL)
codes and industry standards to be used as guides
in identifying each type of scrap as it is segregat-
ed. Chapter VI provides further guidance relative
to identification of precious metal-bearing scrap.
Source segregation is particularly applicable to
production shops, machine shops and repair shops
where several different scrap materials are being
generated—since it is very difficult, and often not
feasible, to segregate scrap after arrival at a scrap
yard. As indicated in chapter II, top priority atten-
tion should be given to nonferrous scrap (including
precious metal-bearing scrap) and to other metallic
scrap containing high-value alloys.

2. Generations of metal clippings and trim-
mings, shearings, and skeleton stampings should
first be considered for possible reuse. For example,
scrap skeletons produced during punching or
stamping operations can sometimes be used to
produce smaller stampings. When baling skele-
tons, the longer pieces are useful as wrappers to
form the outside of the bundle.

3. If scrap containing different metal alloys is
kept separate and free from contamination, it can
be economically melted into ingots of the same
composition as the original material from which it
was generated. But if scrap containing different
metal alloys become commingled or contaminated,
it is likely to end up in a smelter where its valua-
ble alloy content may be lost. If there is too much
contamination, it may not be feasible to recycle
the high value metals contained in such scrap.

4. One of the best methods of segregation at
the source is to place properly marked containers
where each type of scrap can be collected without
further handling as it is generated. If this is not
practicable, containers should be located in such a
way as to facilitate direct transfer of segregated
floor sweepings. Whenever there is a change in the
material being worked, the machine should be
thoroughly cleaned and properly marked new con-
tainers should replace the old ones. As containers
are filled and delivered to the scrap yard, they will
be emptied into large hoppers or into bins contain-
ing similar materials. It is essential that all con-
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tainers, hoppers and bins be kept free from con-
tamination and that the identity of each type of
scrap generated is maintained throughout the
entire scrap disposal process.

5. A good method of marking containers, hop-
pers and bins is to paint a band of distinctive color
around them to identify the specific type of scrap
to be placed therein—without any commingling or
contamination with other property. More specific
identification of the kind of scrap contained there-
in can be accomplished by fastenirg a color-coded
tag marked with the appropriate alloy type, speci-
fication or code number; and machines generating
this scrap should be marked with identical tags.

6. Full cooperation in source segregation must
be obtained from everyone concerned with scrap
handling. Otherwise, scrap containers are likely to
be used as a place to dump the remains of lunch

boxes, bottle caps, empty cigarette packages, and

other contaminants. To minimize such contamina-
tion, supervisors should conduct a continuing edu-
cational campaign to stress the critical importance
of scrap segregation; and they should ensure that
separate refuse containers are provided in a
nearby location to minimize the temptation to
misuse scrap containers.

B. IDENTIFICATION OF METALLIC SCRAP

1. Visual Identification. This method is used
to identify metallic scrap in terms of color, use,
and weight. Most metallic scrap turned in to DoD
scrap yards can be classified into four color catego-
ries: red, pink, yellow and silver gray. It can be
further classified by weight in terms of heavy-
weight, lightweight, or mediumweight. If informa-
tion is readily available as to the use made of the
items from which the scrap was derived, further
identification tests may not be necessary.

2. Magnetic Testing. Magnetic testing makes
use of magnets to determine whether or not the
scrap contains ferromagnetic materials (i.e., iron,
nickel and cobalt) or nonmagnetic materials. Iron-
base alloys (i.e., cast iron, plain carbon and low-
alloy steels) are most likely to be magnetic, al-
though a few nickel alloys are also magnetic. A
small permanent magnet can be used for this pur-
pose. However, it is important to note that mag-
netic testing can serve only as an initial approxi-
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mate classification of alloys. It should never be
used as a conclusive test (except to separate two
alloys of known composition, one being magnetic
and the other nonmagnetic).

3. Spark Testing

a. Spark testing makes use of the fact that
some metals, in a finely divided state, will oxidize
rapidly when heated to a high enough tempera-
ture. When such metals arc ground by a high-
speed grinding wheel, the fine particles torn loose
are oxidized and raised to an incandescent temper-
ature through the heat of friction on the wheel.

b. Among the commercially important
alloys, those with an iron, nickel, monel or titani-
um base give characteristic sparks. Certain ele-
ments used as alloying agents in steel impart char-
acteristic and recognizable variations in the sparks
produced by basic carbon steel (see Table IV-1).

c¢. Proficiency in spark testing requires prac-
tice and reproducibility in sparking results. Light-
ing conditions should be approximately the same
each time when sparks are being examined
against a dark background. Care should be taken
to apply the same amount of pressure over the
same sparking area in each test. Only with such
reproducibility, or by comparison with sparks pro-
duced from samples with known compositions, can
spark testing be depended on for identification.

V-2

d. Spark tests are conducted on a high-speed
portable or bench power grinder. When a portable
grinder is used, the wheel of the grinder is usually
touched to the sample so that sparks fly off hori-
zontally. Use of safety glasses is mandatory to
ensure eye protection. When a bench grinder is
used, checks should be made to ensure that the
grinder tongue guard and tool rest are adjusted
properly. The preferred method is to hold the test
sample and touch it to the grinding wheel (see
Figure IV-1). The surface speed should be at least
8,000 rpm. However, a stationary grinder or bench
grinder turning a medium-coarse abrasive wheel
at 3,400 to 3,600 rpm is satisfactory if care is taken
to exert the same relative pressure against each
sample. Grinding wheel composition is most impor-
tant and must be appropriate to the type of metal
being spark tested. For normal carbon steel alloys
used in construction, carborundum (usually de-
scribed as aloxite resinold, A36-Q-B4-3 x % x %)
should be used. However, in spark testing of tool
steel or stainless steel it may be best to make use
of other types of grinding wheels and the alloy
producer should be consulted for the most appro-
priate wheel designation.

e. To prevent possible contamination of the
spark from particles retained in the wheel during
previous spark tests, grinding wheels should be
cleaned frequently.
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Figure IV-1. Spark testi,

4. Chemical Spot Testing

a. Chemical spot tests used for sorting or
final identification of materials show attack or
lack of attack by specific chemicals to determine
the presence or absence of specific alloying ele-
ments. Spot tests are based on the formation of
characteristic colors or precipitates of the un-
known elements when those elements react with
various test chemicals. Such tests may also be car-
ried out electrographically on filter paper or on
spot plates (see figure IV-2).

b. Electrographic spot tests make use of a
metal “sandwich’’ consisting of a piece of alumi-
num or platinum on the outside and two pieces of
filter paper moistened with an appropriate solu-
tion on each side of the sample in the middle of
the sandwich. Current from two dry-cell batteries
is then passed through the filter paper for a speci-
fied length of time—with the unknown metal serv-
ing as the anode, and the inert metal on the out-
side of the sample serving as the cathode. The

Enn/Aun

ng metal on a grinding wheel,

filter paper will thus be impregnated with dis-
solved matter from the sample. The filter paper is
then removed from the sandwich and treated with
suitable reagents to bring out the desired color
reactions. Filter paper one-half to one inch square
is large enough for this work.

¢. A more common type of spot test involves
placing one or two drops of an acid or alkali on
the surface of the sample, transferring the drops
to a reagent-impregnated filter paper, or transfer-
ring it to a spot plate.

d. Capillary tubes are usually best for plac-
ing drops on test samples, since minimum quanti-
ties of the reagent used will give the best results.
However, it may sometimes be better to conduct
spot testing in test tubes.

e. It is important to remember that, except
under rigid laboratory control, spot tests are no
more than qualitative tests. If more precise tests
are needed, scrap yard personnel should seek pro-
fessional assistance from the nearest available lab-
oratory facility.
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Figure IV-2. Chemical spot testing.

C. SIMPLIFIED METAL TESTING AND SORTING
PROCEDURES

1. General. Scrap yard personnel can proceed
step by step, as indicated below, to determine the
probable composition of metallic scrap (see Figure
IV-3).

2. Visual Identification.
a. Color Criteria:

(1) Red or reddish color indicates copper.

(2) Light brown or tan color indicates 90/
10 cupro-nickel.

(3) Dark yellow color indicates bronze.

(4) Light yellow color indicates brass.

(5) Bluish or dark gray color indicates
zinc, kirksite or lead.

(6) White or light gray color indicates alu-
minum or magnesium.

b. Weight Criteria:

(1) Heavyweight samples include plati-
num, tungsten, gold, mercury, lead, silver, or mo-
lybdenum.

(2) Lightweight samples include magnesi-
um, aluminum or titanium.

{3) Mediumweight samples include most
other metals.

3. Magnetic Testing.

a. Strongly magnetic samples include steel,
iron, nickel, cobalt, and 400 series chromium stain-
less steels.

b. Slightly magnetic samples include monel
(except “K” monel) and occasionally 90/10 cupro-
nickel, manganese bronze, aluminum bronze and
silicon bronze. Also, ordinary stainless steels of the
300 series, which are normally nonmagnetic, may
develop slight magnetic properties after having
been subjected to extreme heat or pressure for
prolonged periods.

¢. Nonmagnetic samples include nearly all
other metals, including “K” monel.

4. Spark Testing. Different metals and alloy
combinations impart characteristic sparks which
aid in the identification of the metals. Since the
sparking characteristics of many different metals
are so similar, other means must usually be em-
ployed to verify the identity of test samples. The
principal criteria that should be considered when
observing a spark test are:

a. Length of carrier lines.

b. Color of sparks.

c. Density of carbon star bursts (none, few,
many).
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CHART 1
IDENTIFICATION OF VERY HEAVY METALS

(SPECIFIC GRAVITY 12 TO 22)

GOLD PLATINUM
TUNGSTEN IRIDIUM
TANTALUM OSMIUM
PALLADIUM  RHODIUM
RUTHENIUM
1
GOLD CAN BE IDENTIFIED BY ITS DISTINGUISHING COLOR
|
BOILING AQUA REGIA (13)*
]
r L -
NO ATTACK sLow AJTACK RAPID ALTTACK
1
TANTALUM RODIUM TUNGSTEN PALLADIUM
IRIDIUM RUTHENIUM PLATINUM OSMiIUM

HYDROFLUORIC ACID (22)

WARM NITRIC ACID (25)

AND HYDROFLUORIC ACID (22)

NITRIC ACID (25), WATER

AND DIMETHYLGLYOXIME (17)

i | | i 1
ATT‘\CK NO ATIACK BROWN COLOR NO ALTACK YELLOW|PRECIPITATE NO PRECIPITATE
i 'y
TANTALUM | |[RODIUM TUNGSTEN PLATINUM PALLADIUM OSMIUM
IRIDIUM
RUTHENIUM

BOILING SULFURIC ACID (46)

1
NO A‘ll'TACK

IRIDIUM
RUTHENIUM

T
IDENTIFY BY DENSITY

| I
SP. GR. 22.4 SP. GR. 12.2
1 L

1
AT'I;ACK

RHODIUM

RUTHENIUM

l IRIDIUM

(.

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE V-2

FIGURE Iv4
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PROCEDURE FOR CHART 1

VERY HEAVY METALS, specific gravity 12 to 22—gold, tungsten, tantalum, palladium, plati-
num and platinum-group metals (osmium, iridium, rhodium and ruthenium). Consult chart 1.

A. GOLD can be identified by its distinguishing color; the other metals are white or grayish
white.

B. Immerse in boiling aqua regia (13)* and observe at the end of 2 minutes.
1. No attack indicates tantalum, iridium, rhodium or ruthenium. Add hydrofluoric acid (22).
a. An attack indentifies Tantalum.

b. No attack indicates iridium, rhodium or ruthenium. Immerse in boiling sulfuric acid (46)
and observe at the end of 2 minutes.
(1) An attack identifies Rhodium.
(2) No attack indicates iridium or ruthenium.
Identify by density.
(@) Ruthenium, sp. gr. 12.2.
) Iridium, sp. gr. 22.4.

2. A slow attack indicates platinum or tungsten.

Immerse in nitric acid (25) and hydrofluoric acid (22), warm, and observe at the end of 2
minutes.

a. An attack and brown color identifies Tungsten.
b. No attack identifies Platinum.

3. A rapid attack indicates oemium or palladium.
Immerse in hot nitric acid (25), dilute with water, and add dimethylglyoxime (17).

a. A yellow precipitate identifies Palladium.
b. Attack, but no precipitate identifies Osmium.

*The figure in parentheses refers to the reagent listed in table IV-2
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CHART 2
IDENTIFICATION OF HEAVY METALS
(SPECIFIC GRAVITY 9.8 TO 11.3)
SILVER  MOLYBDENUM
LEAD BISMUTH
SILVER CAN BE IDENTIFIED BY 1TS DISTINGUISHING COLOR
ACETIC ACID (1)*
ATTACK NO ATTACK
L
MOLYBDENUM
LEAD BISMUTH

NITRIC ACID (25)

l |

ATTIACK NO ATTACK i

BISMUTH MOLYBDENUM

*THE FIGURE IN PARENTHESE REFERS TO THE REAGENT LISTED IN TABLE 1V-2

FIGURE V-5
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PROCEDURE FOR CHART 2

HEAVY METALS, specific gravity 9.8 to 11.3—lead, silver, molybdenum and bismuth. Consult
chart 2.

A. Silver can be identified by its distinguishing color; the other metals are white or grayish-
white.

B. Add acetic acid (1) and observe at the end of 1 minute.

1. An attack identifies Lead.

2. No attack indicates molybdenum or bismuth. Add nitric acid (25) and observe at the end of
1 minute.

a. An attack identifies Bismuth.
6. No attack identifies Molybdenum.
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CHART 3

IDENTIFICATION OF LIGHT METALS AND ALLOYS
(SPECIFIC GRAVITY 15 TO 3)

ALUMINUM DOWMETAL C
ALCOA 3§ DOWMETAL FS
ALCOA 245 DOWMETAL H
ALCOA 758 DOWMETAL M

L

0.5% SILVER NITRATE (39)*

| &

I
NO REACTION
|

1
BLACK DEPOSIT
]

ALUMINUM DOWMETAL C
ALCOA 3S DOWMETAL FS
ALCOA 24S DOWMETAL H
ALCOA 755 DOWMETAL M
{
SODIUM HYDROXIDE (54),
WATER, AND CADMIUM CHLORIDE (15)
AMMONIUM PERSULFATE (50)
L -
1 ] _
NO COLOR  BROWN COLOR ] CHROME PICKLE (16)
L
NO APPRECIABLE
ALUMINUM ALCOA 35 | | DARK SPOT REACTION
ALCOA 24S ]
ALCOA 758
ALCOA 3§ | BRIGHT BRASSY GREY IRRIDESCENT
COATING COATING
SODIUM HYDROXIDE (54), DOWMETAL C
NITRIC ACID (25) AND DOWMETAL M DOWMETAL FS
SODIUM BISMUTHATE (52) DOWMETAL H

VIOLET-BROWN COLOR
i |

ALUMINUM-
MANGANESE
ALLOY

“*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE 1V-2

FIGURE V-6
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PROCEDURE FOR CHART 3

LIGHT METALS AND ALLOYS, specific gravity 1.5 to 3—aluminum, magnesium and their
light alloys. Consult chart 3.

A. ALUMINUM
1. Add a 0.5 percent solution of silver nitrate (39) and observe at the end of 1 minute.
2. No action indicates aluminum or a high-aluminum alloy.

3. Place 3 or 4 pellets of sodium hydroxide (54) on the specimen, add 3 or 4 drops of water,
and allow to react for 1 minute. Then add a small crystal of ammonium persulfate (50).

a. A brown color identifies Alcoa 3S.
b. No color identifies Alcoa 2S (aluminum).

4. Place 3 or 4 pellets of sodium hydroxide (54) on the specimen, add 3 or 4 drops of water,
and allow to react for 1 minute. Then add nitric acid (25) to dissolve the precipitate and,
finally, add a few crystals of sodium bismuthate (52). A violet-brown color identifies Manganese
as the alloying element.

5. Add cadmium chloride solution (15) and observe at the end of 2 minutes.
a. A dark spot identifies Alcoa 75S, or other alloys containing zinc.
b. No appreciable reaction identifies Alcoa 24S, Alcoa 3S, or other zinc-free ailoys.
B. MAGNESIUM

1. A black deposit of metallic silver forming immediately indicates magnesium or a high-
magnesium alloy.

Immerse the metal in Chrome-Pickle (Dow No. 1 chemical treatment). This test i8 recom-
mended only when a freshly prepared solution is used and the operator is familiar with the
colors of chemical treatment.

2. A very bright brassy coating on the metal identifies the aluminum-free magnesium alloys
such as Dowmetal M.

3. A grayish, iridescent coating on the metal identifies the aluminum-containing magnesium
alloys such as Dowmetal C, H, FS, and others.
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CHART 4

IDENTIFICATION OF COPPER AND COPPER ALLOYS*
(SPECIFIC GRAVITY 6 TO 9)

REDDISH OR
RED-BROWN
COLOR

COPPERS

DARK YELLOW

COLOR

LIGHT YELLOW COLOR

BRONZES

I
FERRIC CHLORIDE (4)*

|

-
DARK SPOT
4

PHOSPHOR COPPER
ARSENICAL COPPER

NO DARK SPOT
y -

TOUGH-PITCH COPPER
O.F.H.C. COPPER

BRASSES

-
NITRIC ACID (26)*

NITRIC ACID (26)

I TIN AND
PREJSENT PRESENT ABSENT
ADMIRALTY ALUMINUM YELLOW
METAL OR BRASS BRASS
NAVAL BRASS

~ NITRIC ACID (26),
ORTHOPHOSPHORIC ACID (30),
SILVER NITRATE (37)
AMMONIUM PERSULFATE (11)

PURPLE COLOR

BRONZE

MANGANESE

f
WHITE PR.ECIPITATE

TIN
BRONZE

WHITE PRECIPITATE

FILTE

R PRECIPITATE AND
SULFURIC ACID (47!}

-y
GELATINOUS MASS

SILICON
‘ BRONZE

NO PRECIPITATE
—b

ALUMINUM AND
BERYLLIUM ABSENT

LEADED
BRONZE

ALUMINUM BRONZE
BERYLLIUM COPPER

RED BRASS

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED TABLE 1V-2

FIGURE IV-7
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PROCEDURE FOR CHART 4

AVERAGE DENSITY METALS AND ALLOYS (specific gravity 6 to 9)—steels, irons, stainless
steels, stainless irons, copper alloys, nickel alloys, cadmium, tin, zinc and antimony.
Classify on the basis of color.

1. Reddish or red-brown—Copper.
2. Dark yellow—Bronzes.

3. Light yellow—Brasses.
Proceed uccording to color of material. Consult Chart 4.

4. White (magnetic and nonmagnetic)—Nickel, high-nickel alloys, copper-nickel alloys, nickel
silvers, stainless steels, stainless irons, cadmium, tin, zinc and antimony.

5. White; or brown, if oxidized (magnetic and nonmagnetic)—Consult Charts 5A to 5G.
A. REDDISH OR RED-BROWN—COPPER

Add acidified ferric chloride (4), react for 15 to 30 seconds, and wash with a fine stream of
water.

1. A dark spot indicates phosphorus or arsenic is present. Identify by chemical analysis.
a. The presence of phosphorus identifies Phosphor Copper.
b. The presence of arsenic identifies Arsenical Copper.

2. No dark spot indicates tough-pitch copper, or oxygen-free high-conductivity copper.

a. To differentiate between phosphorized and arsenical coppers, chemical analysis of spec-
trographic examination is used. There are several methods of differentiating between tough-
pitch and oxygen-free high-conductivity copper, all of which concern the detection of oxygen or
cuprous oxide. Since this type of examination is beyond the scope of the average scrap yard, it
is suggested that this material be classified as Number 1 or Number 2 copper in accordance
with the Specification Grades as indicated in Chapter VI, or in accordance with acceptable
trade practices.

b. Copper-base alloys are so numerous and varied in chemical composition that there are
few simple tests which can give reliable indications of all the alloying elements. Spot tests are
less reliable than spectrographic examination or chemical analysis because the intense blue
color of the copper compounds tends to mask subsequent observations.

B. DARK YELLOW—BRONZES
Dissolve a small specimen in a beaker with 1:1 nitric acid (26) and boil.
1. A finely divided white precipitate identifies a Tin-Bronze.
2. A gelatinous mass identifies a Silicon-Bronze.
3. Filter the precipitate or gelatinous mass and add 1:1 sulfuric acid (47) to the filtrate.
a. A white precipitate forming on short standing identifies a Leaded Bronze.
b. No precipitate indicates a copper-beryllium alloy or aluminum bronze.

4. Dissolve approximately 0.5 gm. of a {..esh specimen in a beaker with a mixture of 1:1 nitric
acid (26) and 1:1 orthophosphoric acid (30), dilute to 75 to 100 ml.,, and a few drops of a 1
percent solution of silver nitrate (37) and 25 ml., of a 6 percent solution of ammonium
persulfate (11), and boil.

A purple color identifies Manganese Bronze.
C. LIGHT YELLOW—BRASSES
1. Dissolve a small specimen in a beaker with 1:1 nitric acid (26) and bring to a boil.

2. A finely divided white precipitate of metastannic acid shows that tin is present and that
the material is probably Admiralty Metal or Naval Brass. Naval Brass has a darker yellow
color than Admiralty Metal, due to the presence of beta phase in its structure.
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3. In the absence of tin, a gelatinous precipitate of aluminum hydroxide obtained upon the
addition of ammonia to a faint alkalinity identifies the material as aluminum brass, while a
heavy white precipitate (lead sulfate) obtained upon the addition of sulfuric acid indicates free
turning brass. To test for aluminum, take 2 or 3 drops of a mixture of 1:1 hydrochloric acid (20)

and 1:1 nitric acid (26). Make alkaline with 1 ml. potassium hydroxide (35) and add 1 or 2 drops
of alizarin S solution (5).

a. A red color identifies Aluminum Brass.

b. The absence of tin, aluminum, and lead identifies Yellow Brass (copper 65 to 75 per-
cent).
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IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS
(SPECIFIC GRAVITY 6 TO 9)

UNKNOWN

HYDROCHLORIC ACID (21)*

AND

POTASSIUM FElRRICYANIDE (34)

DARK GREEN TO BLUE DROP

TYPE 1 Ni-RESIST 60 NICKEL-15 CHROMIUM |

—1
NO COLOR, RED, GREEN OR
YELLOW-BRO:NN DROP

i HASTELLOY A NICKEL
TYPE Il Ni-RESIST STAINLESS STEEL 330 HASTELLOYB  “D” NICKEL
TYPE V Ni-RESIST STAINLESS STEEL 311 HASTELLOYC  DURANICKEL
CAST IRON STAINLESS STEEL 310 HASTELLOY D  PERMANICKEL
MANGANESE STEEL  STAINLESS STEEL 309 ILLIUM G NICKEL SILVER (20% Ni)
MILD STEEL STAINLESS STEEL 347 ILLIUM R NICKEL SILVER (18% Ni)
LOW-ALLOY STEELS  STAINLESS STEEL 321 INCONEL 80 COPPER.-20 NICKEL
INVAR STAINLESS STEEL 316 INCONEL X 70 COPPER-30 NICKEL
MINOVAR STAINLESS STEEL 304 NIMONIC 80 CONSTANTAN
Ni-SPANC STAINLESS STEEL 410 MONEL 80 NICKEL20' CHROMIUM
Ni-SPAN Lo STAINLESS STEEL 430 “K"MONEL ZINC
DURIMET K STAINLESS STEEL 446 K R"MONEL CADMIUM
DURIMET T Ni-HARD XR"MON
| mcoLoy S“MONEL ANTIMONY
SULFURIC ACID {46) NITRIC ACID (25)

r | 1 T 1
VIGOROUS GASSING, GREY STAIN OR CLOUDY BLUE-GREEN NO REACTION
GREY ojl BLACK SPOT  SLIGHT OR 10 REACTION YELLOW DROP COLOR |

1
TYPE Il Ni-RESIST TYPE | Ni-RESIST
H MONEL HASTELLOY C
TYPE V Ni-RESIST DURIMET K ASTELLOY A “R” MONEL HASTELLOY D
CAST IRON DURIMET T k" MONEL ILLILM G
MILD STEEL INCOLOY CLOUDY PEA-GREEN “KR” MONEL ILLILM R
MANGANESE STEEL 60 NICKEL-16 cunome COLOR 70 COPPER 20 NIGKEL CONEL X
LOW-ALLOY STEELS STAINLESS STEEL 330 CONSTANTAN NIMONIC 80
INVAR STAINLESS 5TESL 311 HASTELLOY B NICKEL SILVER {20% N} 00-NICKEL-20
MINOVAR STAINLESS STEEL 310 PERMANICKEL NICKEL SILVER (18% Ni} CHROMIUM
pelpprd STAINLERS STEEL 309 FOLLOW CHART 5D FOLLOW CHART € FOLLOW
Ni-SPAN Lo STAINLESS STEEL 321 CLEAR PALE- CHART 6F
MHARD STAINLESS STEEL 316 GREEN COLOR BLACK PRECIPITATE
STAINLESS STEELA10| | STAINLESS STEEL 304 NICKEL “$" MONEL
STAINLESS STEELA20| | sTAINLESS STEEL 430 “D*” NICKEL
DURANICKEL
FOLLOW CHART 68 | STAINLESS STEEL 446 FOLLOW
CHART 6G FOLLOW
FOLLOW CHART 5C CHART 6D

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE IV-2

FIGURE IV8
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CHART 5-B
IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS
CONTINUED FROM CHART 5-A

|
VIGOROUS GASSING, (iREY OR BLACK SPOT

TYPE (1 Ni-RESIST MINOVAR
TYPE V Ni-RESIST Ni-SPAN C
CAST IRON Ni-SPAN Hi
MANGANESE STEEL  Ni-SPAN Lo .
MILD STEEL STAINLESS STEEL 410
LOW-ALLOY STEELS  STAINLESS STEEL 420
INVAR Ni-HARD
MAGNETIC TEST )
8 >
r L}
DEFINITELY MAGNETIC NOT DEFINITElLY MAGNETIC
TYPE |11 Ni-RESIST
MANGANESE STEEL
TYPE V Ni-RESIST Ni-SPANC Ni-SPAN Hi
CAST IRON Ni-SPAN Lo
MILD STEEL Ni-HARD SULFURIC ACID (48]
LOW-ALLOY STEELS STAINLESS STEEL 410 — -
INVAR STAINLESS STEEL 420 VIGOROUS GASSING NO REACTION
MINOVAR MANGANESE Ni-SPAN Hi
STEEL
CK DROP
PERCHLORIC ACID (32)* BLATROR
TYPE 11 Ni-RESIST
1 1
GAS EVOLVED NO GAS EVOLVED
1 1
CAST IRON TYPE V Ni-RESIST
MILD STEEL INVAR
STAINLESS STEEL 410 MINOVAR
STAINLESS STEEL 420 Ni-SPAN C -
LOW-ALLOY STEELS Ni-SPAN Lo
Ni-HARD
o ¥
ihOHLORC ACID ) SULFURIC ACID (46) AND
CLOUDY GREEN COLORLESS NITRIC ACID (25)
oroP | oroe |
T T 1
CAST IRON STAINLESS STEEL 410 GREY STAIN CLOUDY WHITE, NO REACTION
STAINLESS STEEL 420 YELLOW AND A
MILD STEEL Ni-HARD PINK DROPS MINOVAR
LOW-ALLOY STEELS 1 Ni-SPAN C
INVAR TYPE V Ni-RESIST
* o Ni-SPAN Lo

1|
SULFURIC ACID (48)
1

T
SULFURIC ACID (48)
1

v L
NO REACTION BLACK DROP
Y -
CLOUDY PALE MOTTLED GREY Ni-SPAN TYPE V Ni-RESIST
YELLOW DROP AND WHITE c MINOVAR
DROP
Ni-SPAN .
|.
INVAR
Lo

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE V-2
**IDENTIFY AS DESCRIBED IN PROCEDURE FOR CHARTS §-A THROUGH 5-G

FIGURE Iv-9
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IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS
CONTINUED FROM CHART 5-A

L]
SLIGHT OR N(‘) REACTION

TYPE | Ni-RESIST
DURIMET K

DURIMET T

INCOLOY

60 NICKEL-16 CHROMIUM
STAINLESS STEEL 330
STAINLESS STEEL 311
STAINLESS STEEL 310

STAINLESS STEEL 309
STAINLESS STEEL 347
STAINLESS STEEL 321
STAINLESS STEEL 316
STAINLESS STEEL 304
STAINLESS STEEL 430
STAINLESS STEEL 446

NITRIC Z\cw (26)°

VIGOROUS REACTION

NO REACTION

TYPE | Ni-RESIST

DURIMET K
DURIMET T
INCOLOY

60 NICKEL-15 CHROMIUM

STAINLESS STEEL 330
STAINLESS STEEL 311
STAINLESS STEEL 310

STAINLESS STEEL 309
STAINLESS STEEL 347
STAINLESS STEEL 321
STAINLESS STEEL 316
STAINLESS STEEL 304
STAINLESS STEEL 430
STAINLESS STEEL 446

NYDROCNLORIE ACID (19) AND
SULFUROUS A‘CID (49}

|
NO BLACK STAIN
[DURIMET K STAINLESS STEEL 309
INCOLOY STAINLESS STEEL 347
60 NICKEL-16 CHROMIUM  STAINLESS STEEL 321

f
BLACK iTAIN

DURIMET T

STAINLESS $TEEL 316

STAINLESS STEEL 330
STAINLESS STEEL 311
STAINLESS STEEL 310

STAINLESS STEEL 304
STAINLESS STEEL 430
STAINLESS STEEL 446

de

L)
‘ NOT DEFINITEJLY MAGNETIC

DURIMET K STAINLESS STEEL 310
INCOLOY STAINLESS STEEL 309
60 NICKEL-16 CHROMIUM  STAINLESS STEEL 347
STAINLESS STEEL 330 STAINLESS STEEL 32}
STAINLESS STEEL 3N STAINLESS STEEL 304

HYDROCHLORIC ACID (20) AND
POTASSIUM FERRICYANIDE DA

MAGNETIC TEST

-1
DEFlNITELY.MAGNETIC

STAINLESS STEEL 430
STAINLESS STEEL 446

GREEN $POT

- DURIMET K

INCOLOY

STAINLESS STEEL 304
STAINLESS STEEL 321
STAINLESS STEEL 347

WHITE DROP WiTH BLACK EDGE

60 NICKEL-16 CHROMIUM
STAINLESS STEEL 330
STAINLESS STEEL 311
STAINLESS STEEL 310
STAINLESS STEEL 309

suuum}us ACID (49)

NO REACTION BMC?.STAIN

5 CHROMIUM
STAINLESS STEEL 311
STAINLESS STEEL 310

STAINLESS STEEL 330

COPPER FLASH NO COPPER FLASH
STAINLESS STEEL 310 60 NICKEL-16 CHROMIUM
STAINLESS STEEL 309 STAINLESS STEEL 311

SULFURIC ACID {48)
POTASSIUM FERRICYANIDE (34)

HYDROCHLORIC ACID (19)
LEUROUS ACID (48)

TAN STAIN NO TAN STAIN DARK GREEN SPOT NO DARK GREEN SPOT
STAINLESS STAINLESS STAINLESS 60 NICKEL-
STEEL 310 STEEL 309 STEEL 311 156 CHROMIUM

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED TABLE (V-2
**IDENTIFY AS DESCRIBED IN PROCEDURE FOR CHARTS 5-A THROUGH 5-G.

FIGURE IV-10
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CHART 5-D

IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS

CONTINUED FROM CHART 5-A

CLOUDY PEA-GREEN CLEAR PALE-GREEN
L 'l
HASTELLOY B NICKEL
PERMANICKEL D" NICKEL
DURANICKEL
HYDROCHLORIC (20)* AND NITRIC ACID (25) AND
POTASSIUM FERRICYANIDE (34) SODIUM BISMUTHATE (52)
L i L P i 1
GREY-BLACK DROP  OLIVE-GREEN DROP PINK COLOR NO PINK COLOR
| { i |
. NICKEL
HASTELLOY B PERMANICKEL D” NICKEL DURANICKEL

NITRIC ACID (25}
ALUMINON REAGENT (6) AND
AMMONIUM HYDROXIDE (7)

\ | L
RED PRECIPITATE NO PRECIPITATE
] |
DURANICKEL NICKEL

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE V-2
FIGURE V-1
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CHART 5-E

IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS

CONTINUED FROM CHART 5-A

CLOUDY, BILUE-GREEN

MONEL 80 COPPER - 20 NICKEL
“K” MONEL 70 COPPER - 30 NICKEL
“R” MONEL CONSTANTAN

“KR” MONEL NICKEL SILVER (20% Ni)

NICKEL SILVER (18% Ni)

NITRIC ACID (25)*

DoD 4160.21-H

YELLOW-GREEN DROP DULL GREEN DROP

CLEAR BLUE-GREEN

L
DULL DARK GREEN DROP
WITH LIGHT GREEN
PRECIPITA}’E

MONEL
“R” MONEL

“KR” MONEL
NICKEL SILVER (20% Ni}

80 COPPER - 20 NICKEL
70 COPPER - 30 NICKEL
CONSTANTAN

NICKEL SILVER (18% Ni)

“K” MONEL

|
NITRIC ACID (26)

NITRIC ACID (26)

NITRIC ACID (26}

N
GREY GREEN BRIGHT GREEN CLEAR DROP CLOUDY AQUA
DROP DROP | I DROP l
1
v - NICKEL
IIR IIKR
MONEL SILVER
MONEL MONEL (20% Ni)

SLIGHT GASSING,
COLORING DROP
I

VIGOROUS GASSING

PALE, BLUE-GREEN
DROP

CONSTANTAN

80 COPPER - 20 NICKEL
70 COPPER - 30 NICKEL
NICKEL SILVER (18% Ni)

* »

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE IV-2
**IDENTIFY AS DESCRIBED IN PROCEDURE FOR CHARTS 5-A THROUGH 5.G

FIGURE 1V-12
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CHART 5-F

IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS

CONTINUED FROM CHART 5-A

NO REACTION
A

HASTELLOY C  INCONEL
HASTELLOY D INCONEL X
ILLIUM G NIMONIC 80
ILLIUM R 80 NICKEL-
20 CHROMIUM

HYDROCHLORI& ACID (19)*
SULFUROUS ACID (49), AND
POTASSIUM FERRICYANIDE (34)
T i
GREEN SPOT IN DROP YELLOW-BROWN DROP
y | l

HASTELLOY C ILLIUM R
HASTELLOY D INCONEL
ILLIUM G INCONEL
NIMONIC 80 X

80 NICKEL -
20 CHROMIUM

]
HYDROCHLORIC ACID (19),
NITRIC ACID (25), AND
POTASSIUM FERRICYANIDE (34)
|

L
PALE GREEN AND
YELLOW-BROWN DROP

’ |

DARK BROWN TO
BLACK DROP
L

INCONEL HASTELLOY C
lNC(‘)Jl::Ié X HASTELLOY D l
iLLi NIMONIC 80
ILLIUM R NITRIC ACID (25)
I
uvonocm.och ACID (19) BL AéK STAIN NCTS'TA'N
F 2

L

NO GAS EVOLVED HASTELLOY C
1

r
GAS EVOLVED
2 NIMONIC 80

HASTeLLOY D

INCONEL
INCONEL X

ILLIUM G
ILLIUM R

1
SULFURIC ACID (46), AND
NITRIC ACID (25)

HYDROCHLORIC

]
PERCHLORIC ACID (32), l
ACID (19), NITRIC ACID (25), AND
:g?cl,gxl“n POTASSIUM FERRICYANIDE (34) NO GASSING VIGOROUS
GASSING
(45), AND YELLOW. g==—mubeeee DARK GREEN TO 4 s
POTASSIUM BROWN DROP BLACK DROP HASLELLOY NIMONIC 80
FERRICYANIDE ILLIUM R ILLIUM G
(34)
I CLOUDY DARK-
Y
CLOUDY AQUA DROP GREEN. DROP
INCONEL INCONEL X

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE V-2
FIGURE V13
tv-30
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‘ CHART 5-G

IDENTIFICATION OF FERROUS AND NONFERROUS
METALS AND ALLOYS

CONTINUED FROM CHART 5-A

- TIN CADMIUM
ZINC ANTIMONY

NITRIC ACID (25)*

VIGOROUS REACTION VIGOROUS REACTION SLIGHT REACTION

‘ AND WHITE PRECIPITATE  AND NO PRECIPITATE AND YELLOW COLOR NO REACTION

TIN ZINC CADMIUM ANTIMONY

*THE FIGURE IN PARENTHESES REFERS TO THE REAGENT LISTED IN TABLE V-2

FIGURE IV-14
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PROCEDURE FOR CHARTS 5A THROUGH 5G

Consult Charts 5A through 5G.

A. WHITE AND OXIDIZED Nickel, high-nickel alloys, nickel silvers, cupro-nickels, stainless
steel, tin, zinc, antimony, and cadmium, steels and cast irons. (Consult chart 5A.)

1. Add 10 percent hydrochloric acid (21) and allow to react for 1 minute. Then add 10 percent
potassium ferricyanide (34) and observe at the end of 30 seconds.

a. A dark-green to blue drop indicates Type I Ni-Resist, Type II Ni-Resist, Type V Ni-
Resist, cast iron, mild steel, manganese steel, low-alloy steels, Invar, Minovar, Ni-Span C, Hi-
Span Hi, Ni-Span Lo, Ni-Hard, Durimet K, Durimet T, 60 nickel—15 chromium, and stainless
steels 330, 311, 310, 309, 304, 816, 321, 347, 410, 420, 430 and 446. Add sulfuric acid (46) and
observe at the end of 1 minute.

b. Vigorous gassing, or a gray or black spot, indicates Type II Ni-Resist, Type V Ni-Resist,
cast iron, mild steel, manganese steel, low-alloy steels, Invar, Minovar, Ni-Span C, Ni-Span Hi,
Ni-Span Lo, Ni-Hard, and stainless steels 410 and 420. (Consult chart 5B.) Test with an Alnico
magnet.

¢. If the material is definitely magnetic, it may be Type V Ni-Resist, cast iron, mild steel,
low-alloy steels, Invar, Minovar, Ni-Span C, Ni-Span Lo, Ni-Hard, or stainless steels 410 and
420. Add perchloric acid (32) and observe at the end of 15 seconds.

d. Evolution of gas indicates mild steel, low-alloy steels, cast iron, or stainless steels 410
and 420.

2. Then add perchloric acid (32) to a fresh surface and observe at the end of 2 minutes.
a. A cloudy green drop identifies Cast Iron.
b. A clear color drop identifies Mild Steel, Stainless Steel 410 or Stainless Steel 420.

¢. The chromium-containing stainless steels are considerably harder than mild steel and
can be separated from mild steel by a hardness test. Identify the low-alloy steels by the spark
test procedures or by one of the following tests.

(1) Nickel—React to completion with 1 or 2 drops of 1:1 nitric acid (26). Neutralize with a
slight excess of zinc oxide (56). Add a few drope of standard dimethylglyoxime
solution (17). A pink color identifies Nickel. The limit of detectability is 0.05 percent.

(2) Chromium—Mix equal volumes of potassium cobalticyanide (33), bromine water (14)
and 20 percent sodium hydroxide (42). React to completion with a drop of the mixture
and allow to dry. Gentle warming may be used to hasten drying. Repeat the proce-
dure on a surface of known chromium content. Place a drop of diphenylcarbazide
solution (18) on the dried spot. A more or less fugitive purple coloration identifies
Chromium. Comparison with the known sample indicates level of chromium present.
Avoid contact of the skin with chemicals used in this test.

(8) Molybdenum—React to completion with 1 or 2 drope of 1:1 nitric acid (26). Remove
reaction products with paper or cloth. React again with 1 drop of 20 percent sulfuric
acid (48) and immerse a piece of filter paper saturated with a 10 percent solution of
potassium ethyl xanthogenate (33). For molybdenum steels which are difficult to
dissolve, react to completion with 3 drops of 1:1 hydrochloric acid (20), neutralize with
1 drop of 20 percent sodium hydroxide (41), acidify with 1 drop of 20 percent sulfuric
acid (48) and add a few xanthogenate crystals (51). A red color identifies Molybdenum.
The limit of detectability is 0.1 percent.

(4) Vanadium—React to completion with 1 or 2 drops of 1:1 nitric acid (26). Add 1 drop of
orthophosphoric acid (29), a small crystal of sodium fluoride (53) if titanium is
present, and then 1 drop of a 3 percent solution of hydrogen peroxide (23). A reddish-
brown color identifies Vanadium. The limit of detectability is 0.1 percent. As an
alternate, react with 1:1 nitric acid (26), neutralize with 1 drop of a 40 percent
solution of sodium hydroxide (40), acidify with 1 drop of 1:1 acetic acid (2), and add 1
drop of 1,8-oxyquinoline (31). A greenish-black to black color identifies Vanadium.
The limit of detectability is 0.2 percent.

(6) Silicon—React to completion with 1 or 2 drops of hydrochloric acid (19) and add 1
drop of water. White particles, which rise to the surface in the form of a yellowish
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foam, indicate silicon. Then add 1 drop of 2 Molar sodium hydroxide soiution (42),
acidify with 1 drop of 1:1 hydrochloric acid (20), and add 1 drop of ammonium
molybdate solution (8). A yellow color which forms slowly indicates silicon. Then add
1 drop of a solution containing 0.05 g. of benzidine hydrochloride (14). A blue color
identifies Silicon. The limit of detectability is 0.3 percent.

(6) Aluminum—React to completion with 2 or 3 drops of a mixture of 1:1 hydrochloric
acid (20) and 1:1 nitric acid (26). Make alkaline with 1 Molar potassium hydroxide (35)
and add 1 or 2 drope of alizarin S solution (5). A red color indicates aluminum,
Beryllium and copper form a red color also. Add a few drops of 1:1 acetic acid (2) to
dissolve beryllium and copper. If the red color remains, Aluminum is confirmed. The
limit of detectability is 0.02 percent.

B. No evolution of gas indicates Type V Ni-Resist, Invar, Minovar, Ni-Span C, Ni-Span Lo, or
Ni-Hard. Add 2 drops sulfuric acid (46), 1 drop nitric acid (25), and observe at the end of 2
minutes.

1. A gray stain identifies Ni-Hard.

2. A cloudy, white, yellow and pink color indicates Invar or Ni-Span Lo. Add sulfuric acid
(46) and observe at the end of 3 minutes.

a. A cloudy, pale yellow drop identifies Invar.
b. A mottled gray and white drop identifies Ni-Span Lo.

3. No reaction indicates Type V Ni-Resist, Minovar or Ni-Span C. Add sulfuric acid (46) and
observe at the end of 1 minute.

a. No reaction identifies Ni-Span C.
b. A black color indicates Type V Ni-Resist or Minovar.

C. Identify Type V Ni-Resist and Minovar by chemical or spectrographic analysis. Or, immerse
a known specimen of one alloy and the unknown specimen in 20 percent sulfuric acid (48) and
connect them to the terminals of a 0-1 milliammeter. No permanent deflection of the ammeter
needle identifies the known and unknown specimens as the same alloy: a permanent deflection
of the needle identifies the unknown specimen as a different alloy than the known specimen.

1. If the material is not definitely magnetic, it may be Type II Ni-Resist, manganese steel or
Ni-Span Ni. Add sulfuric acid (46) and observe at the end of 15 seconds.

a. Vigorous gassing identifies Manganese Steel.
6. A black drop identifies Type II Ni-Resist.
¢. No reaction identifies Ni-Span Hi.

2. No reaction, or a slight reaction, indicates Type I Ni-Resist, Durimet K, Durimet T, 60
Nickel—15 chromium and stainless steels 330, 311, 310, 309, 304, 316, 321, 347, 430, 446.
(Consult Chart 5C.) Add 1:1 nitric acid (26) and observe at the end of 15 seconds.

a. A vigorous reaction identifies Type I Ni-Resist.

b. No reaction indicates Durimet K, Durimet T, 60 nickel—15 chromium, and stainlees
steels 330, 311, 310, 309, 304, 316, 321, 347, 430, and 446. Add hydrochloric acid (19) and allow to
react for 1 minute. Then add 6 percent sulfurous acid (49) and observe at the end of 30 seconds.

¢. A black stain indicates Durimet T or stainlegs steel 316.

(1) Identify Durimet T and stainlees steel 316 by chemical or spectrographic analysis. Or,
(see paragraph C above) by the use of a milliammeter, using 10 percent hydrochloric
acid (21) instead of 20 percent sulfuric acid (48).

(2) The absence of a black stain indicates Durimet K Incoloy, 60 nickel—15 chromium, or
stainless steels 330, 311, 310, 309, 304, 321, 347, 430 and 446. Test with an Alnico
magnet.

(3) If the material is definitely magnetic, it is Stainless Steel 430 or Stainless Steel 446.

(4) If the material is not definitely magnetic, it may be Durimet K, Incoloy, 60 nickel—
15 chromium, or stainless steels 330, 311, 310, 309, 304, 321, or 347. Add 1:1 hydro-
chloric acid (20), allow to react, and add 1 drop of 10 percent potassium ferricyanide
(34).

(5) A green spot indicates Durimet K, Incoloy, stainless steels 304, 321 or 347.

(a) ldentify Durimet K by the presence of copper on chemical or spectrographic
analysis.
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(b) 1dentify Incoloy by determination of nickel on chemical or spectrographic analy-
sis.

(c) Identify Stainless Steel 304 by the absence of titanium and columbium on chemi-
cal or spectrographic analysis.

(d) Identify Stainless Steel 321 by the presence of titanium on chemical or spectro-
graphic analysis.

(e) Identify Stainless Steel 347 by the presence of columbium on chemical or spectro-
graphic analysis.

(6) A white drop with a black edge indicates 65 nickel—15 chromium, or stainless steels

330, 311, 310 or 309. Add 6 percent sulfurous acid (49) to a fresh surface and observe

at the end of 1 minute.

(a) A black stain identifies Stainless Steel 330.

(b) No reaction indicates 60 nickel—15 chromium, or stainless steels 311, 310 or 309.
The following procedures will give positive results only when the alloys contain no precipitated
carbides and are in the same annealed or cold-worked condition. Add 1 drop of hydrochloric acid
(19) and 1 drop of acidified cupric chloride (3) to a fresh surface and cbserve at the end of 1
minute.

(¢) A copper flash indicates stainless steels 310 or 309. Add hydrochloric acid (19),
sulfuric acid (46) and 6 per cent sulfurous acid (49), and observe at the end of 1 minute.

(d) A tan stain identifies Stainless Steel 310.

(e) No tan stain identifies Stainless Steel 309.

() No copper flash indicates Stainless Steel 311 or 60 nickel—15 chromium. Add 20
percent sulfuric acid (48) and a drop of 10 percent potassium ferricyanide (34) and observe at
the end of 1 minute.

(@ A dark green spot identifies Stainless Steel 311.

(h) No dark green spot identifies 60 Nickel—15 Chromium.

d. A red, green or yellow-brown drop, or no color, indicates Hastelloy A, Hastelloy B,
Hastelloy C, Hastelloy D, Illium G, Illium R, Incone], Inconel X, Nimonic 80, Monel, “K”
Monel, “R” Monel, “KR” Monel, “S” Monel, Nickel, “D” Nickel, Duranickel, Permanickel,
Nickel Silver (20% Ni), Nickel Silver (18% Ni), 80 copper—20 nickel, 70 copper—30 nickel,
Constantan, 80 nickel—20 chromium, tin, zinc, cadmium and antimony. (Consult Chart 5A.)
Add nitric acid (25) and observe at the end of 1 minute.

(1) A gray stain and yellow color identifies Hastelloy A.
(2) A black precipitate identifies ‘‘S”’ Monel.

e. A cloudy, pea-green color indicates Hastelloy B or Permanickel. (Consult Chart 5D). Add
1:1 hydrochloric acid (20) and allow to react for 1 minute. Then add 10 percent potassium
ferricyanide (34) and observe at the end of 1 minute.

(1) A gray-black drop identifies Hastelloy B.
(2) An olive-green drop identifies Permanickel.

f. A clear, pale green colored drop indicates nickel, “D” Nickel, or Duranickel. (Consult
Chart 5D.) Add nitric acid (25) and allow to react for 1 minute. Then add a drop of water and a
few crystals of sodium bismuthate (52). Stir and observe at the end of 30 seconds.

(1) A pink color identifies “D” Nickel.

(2) The absence of color indicates nickel or Duranickel. Add nitric acid (25) and allow to
react for 1 minute. Then add 1 drop of aluminun reagent (6) and 3 drops of ammoni-
um hydroxide (7). Stir and observe at the end of 5 seconds.

(a) A red precipitate identifies Duranickel.
(b) No precipitate identifies Nickel.

&£ A cloudy, blue-green color indicates “K"” Monel, Monel, “R” Monel, “KR"” Monel, 80
copper—20 nickel, 70 copper—30 nickel, constantan, nickel silver (20% nickel) or nickel silver
(18% nickel). (Consult Chart 5E.) Add nitric acid (25) and observe at the end of 5 minutes.

(1) A dull, dark-green color with a light-green precipitate identifies “K’’ Monel.

(2) A dull, green color indicates nickel silver (20% Nickel) or “KR"” Monel. Add 1:1 nitric
acid (26) and observe at the end of 10 seconds.
(@) A clear drop identifies “XR" Monel.
(b) A cloudy aqua drop identifies Nickel Silver (20% Nickel).

(3) A yellow-green color indicates Monel or “R” Monel. Add 1:1 nitric acid (26) and
observe at the end of 8 minutes.
(@) A bright green color identifies Monel.
(b) A grey-green color identifies “R'' Monel.
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(4) A clear, blue-green color indicates nickel silver (189% Ni), 80 copper—20 nickel, 70
copper—30 nickel or Constantan. Add 1:1 nitric acid (26) and observe at the end of 5
seconds.

(a) Slight gassing and a colorless drop identifies (35 Copper—45 Nickel) Constantan.
(b) Vigorous gassing and a pale, blue-green drop indicate nickel silvér (18% nickel),

80 copper—20 nickel, or 70 copper—30 nickel.

(c) ldentify Nickel Silver (18% nickel), 80 Copper 20 Nickel, and 70 Copper—30 Nicke!

by chemical or spectrographic analysis.

h. No reaction indicates Hastelloy C, Hastelloy D, Illium G, Illium R, Inconel, Inconel X,

Nimonic 80, and 80 nickel—20 chromium. (Consult Chart 5F.) Add hydrochloric acid (19), 1 drop
of 6 percent sulfurous acid (49), and allow to react for 1 minute. Then add 1 drop 10 percent
potassium ferricyanide (34) and observe at the end of 1 minute.

(1) A yellow-brown drop identifies 80 Nickel—20 Chromium Alloy.

(2) A green drop indicates Hastelloy C, Hastelloy D, Iilium G, Illium R, Inconel, Inconel
X and Nimonic 80. Add hydrochloric acid (19), nitric acid (25) and allow to react for 1
minute. Then add 10 percent potassium ferricyanide (34) and observe after 1 minute.
A dark brown to black color indicates Inconel, Inconel X, Illium G, or Illium R. Add
hydrochloric acid (19) and observe at the end of 10 seconds.

(3) If gas is evolved, the material is Inconel or Inconel X. Add another drop of hydrochlo-
ric acid (19) and allow to react for 1 minute. Then add 1 drop of sodium thiosulfate
(45) and allow to react for 1 minute. Finally, add 1 drop of potas..cm ferricyanide
(34), stir, and observe at the end of 5 minutes.

(a) A cloudy, aqua drop identifies Inconel.
(b) A cloudy, dark-green drop identifies Inconel X.

(4) If no gas is evolved, the material is Illium G or Illium R. Add perchloric acid (32),
nitric acid (25) and allow to react for 1 minute. Then add 1 drop 10 percent potassium
ferricyanide (34), and observe at the ¢nd of 1 minute.

(a) A yellow-brown colored drop identifies Illium R.
(b A dark green to black colored drop identifies Illium G.

(5) A pale green and yellow-brown drop indicates Hastelloy C, Hastelloy D or Nimonic
80. Add nitric acid (25) and observe at the end of 1 minute.
(a) A black stain identifies Hastelloy D.
(b) No stain indicates Hastelloy C or Nimonic 80.

(6) Add sulfuric acid (46) and nitric acid (25) and observe at the end of 5 seconds.
(a) Vigorous gassing identifies Nimonic 80.
(b) No gassing identifies Hastelloy C.

i. If the material is known to be tin, zinc, antimony or cadmium, place it in nitric acid (25),

in a test tube and observe at the end of 1 minute. (Consult Chart 5G.)

(1) A vigorous reaction and a white precipitate identifies Tin.

(2) A vigorous reaction and no precipitate identifies Zinc.

(3) A slight reaction and a yellow-colored solution identifies Cadmium.
(4) No reaction identifies Antimony.
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5. Chemical Testing (see Table IV-2).

a. Spot test kits for general use in the scrap
yard contain reagents which are capable of identi-
fying the most common metals in scrap yards.
These reagents include concentrated acids which
are very dangerous. When using reagents the fol-
lowing precautions should be followed:

(1) Ensure work area is well ventilated.

(2) Safety glasses or a safety shield should
be worn to protect face and eyes.

(3) Cotton or rubberized gloves will protect
skin from immediate contact with corrosives.

(4) Whenever possible use the test kit
where an emergency eyewash is immediately
available.

(5) When a test solution is spilled onto the
skin or protective clothing, wash the area thor-
oughly for 5 minutes. Skin damage can occur over
a period of time and may not be immediately no-
ticeable or painful.

(6) Prevent dangerous chemical reactions
by always slowly pouring chemicals into water.
Never pour water into concentrated chemicals as
this can cause extremely dangerous high heat re-
actions resulting in splashing and burns.

(7) Always wash face and hands after
working with chemicals. This helps reduce the pos-
sibility of skin irritation or dermatoses.

b. The reagents most commonly used in
chemical testing include:

(1) Nitric acid, concentrated (HNQs). Sp.
gr. 1.42.

(2) Hydrochloric acid, concentrated (HCI).
Sp. gr. 1.18.

(3 Silver nitrate solution (0.5 percent
A¢NO,, 100 ml. H:0).! Dissolve 0.5 gram of silver
nit-ate into 100 ml. of water.

1This reagent, which has a safe shelf life of only 4 to 6
months, must be stored in opaque plastic bottles to prevent
decomposition from exposure to light.

(4) Potassium ferricyanide solution (10
percent KsFe(CN), in H:0).! Dissolve 10 gram of
potassium ferricyanide in 100 ml. of water.

(5) Ammonium hydroxide, concentrated
(NH,OH). Sp. gr. 0.9.

(6) Solution B,2 prepared as follows:

(a) Dissolve 1 gram dimethylglyoxime in
50 ml. acetic acid (glacial). (See Table IV-2.;

(b) Add 10 n.l. distilled water and 30 ml.
NH.OH concentrated ammonium hydroxide solu-
tion, then stir until all salts are in so'mtion.

(c) Add 10 gram ammonium acetate.

c. Before applying any of the above rea-
gents,® the surface of the sample must be cleaned
with a file or a grinding wheel. It is also essential
to apply reagents in the correct order. In certain
instances, observation of the reaction speed is as
vital to the chemical test as is recognition of colors
and color combinations.

d. Solution B and other required acids, salts
and reagents should be prepared by the DoD host
laboratory or any other nearby Government labo-
ratory—or they may be procured from private
sector pharmacies, hospitals or chemical laborato-
ries.

e. None of the above chemicals are listed in
the hazardous materials table (40 CFR 261.33(e)
and (f)) as hazardous wastes. Landfill disposal
through existing service contracts is recommend-
ed.

3 The American Society of Testing Materials (ASTM) suggests
that this solution be used in conjunction with other acids when
testing for nickel in alloys. Alloys containing nickel will
produce a pink or red color when added to sample after other
acids have been applied.

3Since these reagents have limited shelf lives when exposed
to air, light and temperature changes, they should be replaced
when spot tests on known samples fail to yield expected results.
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Table IV-2. Reagents and Testing Solutions

(Note: Use only freshly prepared solutions using distilled water as solute or solvent as appropriate.)

. Acetic acid, concentrated (glacial)..........c.c.ccoourvvrerevrrrivinennnne.
LACetic ACIA, 1i1 .ottt e nen
. Acidified cupric chloride .........ccoovrereevivecicrerceieeae

O N

-8

. Acidified ferric chloride .........ccouvvvvreiiiciccic e

. Aluminon reagent ..............ccccovreenevcnrereineninnerereesneresnnns
. Ammonium hydroxide, concentrated ...........cccocccrrrrieenencne
. Ammonium molybdate.............cccovrrercnnnrirrnrnnneernenas .

© WS,

. Ammonium oxalate, saturated ..........c.ccveevveeeerrennicennennonee
10. Ammonium persulfate®........ccocevverrennirevnnrnrninreseerseenenns

11. Ammonium persulfate® 6 percent..........cccocevvreveeerrenrerennnene
12. Ammonium sulfide®........c.cococvrvevriiriiircernenie e ereseeesresenes

13. AQUA FEZIA® ...ttt rsas e ssnseseraenes
14. Benzidine hydrochloride .............ccoccevvenrnvivevrcereeenrrcenennen

16. Chrome pickle® ..........ccocnmorvmerrernrenrnresserenerereneenerssenes .
17. Dimethylglyoxime..........ocovieereeneineerceciereisesessseenssssssene

18. Diphenylcarbazide.........c.cccoevvrerrrmrrrerrenrererensetssneesrernenneesesnnnnee

19. Hydrochloric acid, concentrated..................
20. Hydrochloric acid, 1:1........ccovemereieinnereeeeiceesseseeeenenecesnens

21. Hydrochloric acid, 10 percent ..........

22. Hydrofluoric acid, concentrated ............ccooeerereervecernrnennennn
23. Hydrogen peroxide, 3 percent..........ccocoecctvvrccncstvenennrrinnnnns

24. Mercuric chloride, 10 percent ..............coocccvvcererevrnvncrnsrerennns
25. Nitric acid, concentrated ...........ccocovevverenenene.
26. Nitric acid, 1:1.....cccveecrerernveerrrererrrenenresseeesons
27. Nitric acid, 1:2...coriereeeecrerc st srveseerassesesesasssesane
28. p-nitrobenzene-azo-alpha-naphthol ..................coovvvereennnene.

..................

29. Orthophosphoric acid, concertrated.............c.ocovuerevrverenecee.
80. Orthophosphoric acid, 1:1 ........c.covoverrvrernverrreeerrreeeesrsrnns

31. 1,8-0xyquinoline............cocoeercririrccnmiincernisnnrnerssrennresssssssesens

32. Perchloric acid, concentrated..............cccocvevcrrrecrmrancreerecanans
33. Potassium ethyl xanthogenate ................ccccorvvuernrvrvnrrenennnns

34. Potassium ferricyanide, 10 percent............c...cocceenrerrvrrurennne
35. Potassium hydroxide, 1 Molar ...............c.coeevvivecrrcivicnsninne

36. Silver nitrate, 2 percent
817. Silver nitrate, 1 percent

Sp. gr. 1.049

Add 50 ml. of glacial acetic acid to 50 ml. of water.

Dissolve 10 g. of cupric chloride in 10 ml. of concentrated
hydrochloric acid and dilute to 100 ml.

Dissolve 10 g. of ferric chloride in 10 ml. of concentrated
hydrochloric acid and dilute to 100 ml.

Dissolve 0.1 g. of Alizarin S in 100 m). of water.

Dissolve 0.1 g. of Aluminon in 100 m). of water.

Sp. gr. 0.9.

Dissolve 5 g. of ammonium molybdate in 85 ml. of 1:2
nitric acid and dilute to 100 ml.

Prepare a saturated solution of ammonium oxalate in
water.

Prepare a saturated solution of ammonium persulfate in
water.

Dissolve 6 g. of ammonium persulfate in 100 ml. of water.

Prepare a saturated solution of hydrogen sulfide in 1:9
ammonium hydroxide.

Mix 3 volumes of hydrochloric acid and 1 volume of nitric
acid.

Dissolve 0.05 g. of benzidine hydrochloride in 10 ml. of
glacial acetic acid and dilute to 100 ml.

Dissolve 5 g. of cadmium sulfate =~d 3 g. of sodium
chloride in 5 ml. of hydrochloric ¢. * and dilute to 100
ml.

.. Dow number 1 chemical treatment.

Prepare a saturated solution of dimethylglyoxime in 100
ml. of 95 percent ethyl alcohol.

Dissolve 1 g. of diphenylcarbazide in 100 ml. of 95 percent
ethyl alcohol.

Sp. gr. 1.18.

Add 50 ml. of concentrated hydrochloric acid to 50 m). of
water.

.. Dilute 8 ml. of concentrated hydrochloric acid to 100 ml. of

water.

48 percent.

Dilute 10 ml. of 30 percent hydrogen peroxide to 100 ml. of
water.

Dissolve 10 g. of mercuric chloride in 100 ml. of water.

Sp. gr. 1.42.

Add 50 ml. of concentrated nitric acid to 50 ml. of water.

Add 33 ml. of concentrated nitric acid to 67 ml. of water.

Dissolve 0.001 g. of p-nitrobenzene-azo-alpha-naphthol in
100 ml. of 1 M sodium hydroxide.

85 percent.

Add 50 ml. of concentrated orthophosphoric acid to 50 ml.
of water.

Dissolve 2.5 g. 1,8-0xyquinoline in 6 ml. of glacial acetic
acid and dilute to 100 ml.

T0 percent.

Dissolve 10 g. of potassium ethyl xanthogenate in 100 ml.
of water.

Dissolve 10 g. of potassium ferricyanide in 100 ml. of
water.

Dissolve 5.6 g. of potassium hydroxide in 100 ml. of water.

Dissolve 2 g. of silver nitrate in 100 ml. of water.

Dissolve 1 g. of silver nitrate in 100 ml. of water.
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38.
39.
40.
11
42.

44.
45.
46.
47.
48.
49.

50.
51,

52
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Table 1V-2, Reagents and Testing Solutions—Continued

(Note: Use only freshly prepared solutions using distilled water as solute or solvent as appropriate

Silver nitrate, 0.5 Percent...........cocoeeeve i, Dissolve 0.5 g. of silver nitrate in 100 ml. of water.
Silver nitrate, 0.2 percent ... Dissolve 0.2 g. of silver nitrate in 100 ml. of water.
Sodium hydroxide, 40 percent........................coooiiei Dissolve 40 g. of sodium hydroxide in 100 ml. of water.
Sodium hydroxide, 20 percent...........ccoooeeiiiiviiiciecn, Dissolve 20 g. of sodium hydroxide in 100 ml. of water.
Sodium hydroxide, 2 Molar .. .....co..oooooooiiiiiii, Dissolve ¥ g. of sodium hydroxide in water and dilute to
100 ml.
. Sodium hydroxide, 1 Molar. ......c.cccooooviiiiiiiiieeie, Dissolve 1 g. of sodium hydroxide in water and dilute to
100 ml.
Sodium peroxide, 40 percent ............ccoevrveiieriiiieiiee Dissolve 10 g. of sodium peroxide in 100 mi. of water.
Sodium thiosulfate ..ot Dissolve 25 g. of sodium thiosulfate in 100 ml. of water.
Sulfuric acid, concentrated ... Sp.gr. 1.84.
Sulfuric acid, 1:1 ..o Add 50 ml. of concentrated sulfuric acid to 50 ml. of water.
Sulfuric acid, 20 percent ..o Add 20 ml. of concentrated sulfuric acid to 80 ml. of water.
Sulfurous acid, 6 percent® ...........ccccoooiiieiiiiiie e, Saturate 100 ml. of water at room temperature with sulfur
dioxide.
Reagents-Salts
Ammonium persulfate

Potassium ethyl xanthogenate

. Sodium bismuthate
53.
54.
55.
56.

Sodium fluoride
Sodium hydroxide
Sodium nitrate
Zinc oxide

* Use freshly prepared solution.
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D. LABCRATORY ANALYSIS OF METALLIC
SCRAP

1. The following paragraphs describe more so-
phisticated spot testing procedures which can be
used when the simplified procedures outlined in
paragraph - C, above, will not provide adequate
identification of metallic scrap (particularly that
which may have a high market value). It will
seldom be necessary to follow every step in these
procedures since a general familiarity with metals,
and with the procedures outlined below, will
enable qualified technicians to eliminate many
materials from consideration before testing is
begun. It must be emphasized that these proce-
dures are qualitative only. Quantitative informa-
tion must be obtained by more detailed spectro-
graphic or chemical analyses.

2. Table IV-2 lists some reagents and testing
solutions used in making chemical analyses of me-
tallic scrap. Occasionally, one or more drops of the
reagent will not provide a sufficient reaction to be
detectable by visual examination. In these cases,
use several drops, absorb the reaction products in
a piece of filter paper, and then drop the identify-
ing reagent on the filter paper; or, the sample may
be dissolved by acid in a beaker and the reagent
added to this solution.

3. Before making chemical tests, clean the
specimen with a degreasing solvent, stone wheel,
emery cloth, sandpaper, or a file to remove dirt,
grease, corrosion products, or any metallic plating
or wash (e.g., zinc, tin, cadmium, nickel, chromi-
um, gold, or silver).

4. Known samples of materials may be tested
simultaneously with the unknown to compare
their behaviors under test conditions. To avoid
errors resulting from the heat generated by some
chemical reactions, samples less than 0.02 inch
thick should always be placed on a metal slab
during testing.

5. Test Procedures.

a. Tests for High-grade Bronze (“M” metal):
(1) High-grade bronze is a dark yellow
metal of medium weight. It is nonmagnetic and
nonsparking.
(2) Grind or file a clean surface on the
sample.
(3) Apply one drop of 0.5 percent solution
of silver nitrate to the freshly exposed surface.
(4) A clear color or a gray color slowly
developing on the surface indicates “M” metal
(high-grade bronze).
b. Test for Red or Composition Brass.
(1) Red brass is a light yellow metal of
medium weight. It is nonmagnetic and nonspark-
ing.

(2) Grind or file a clean surface on the
sample.

(3) Apply one drop of 0.5 percent solution
of a silver nitrate to the freshly exposed surface.

t4) A spontaneous gray-black or black
color developing on the surface indicates red or
composition brass.

c. Tests for Yellow Brass.

(1) Yellow brass is a light yellow metal of
medium weight. It is nonmagnetic and nonspark-
ing.

(2) File a niche in the metal or grind a
clean surface. Yellow brass is identifiable by its
yellow color.

d. Tests for Manganese Bronze.

(1) Manganese bronze is a light yellow
metal of medium weight. It is slightly magnetic
but nonsparking.

(2) Manganese bronze shows the same
yellow color in the freshly filed surface as yellow
brass.

(3) Due to the high iron content in its
alloy (about 3% percent), manganese bronze is
easily separated from yellow brass by testing the
filings. Magnetic filings from a light yellow metal
indicate manganese bronze. The filings will con-
gregate around the lines of force emanating from
the magnet.

e. Tests for Silicon Bronze and Aluminum
Bronze.

(1) Silicon and aluminum bronzes are dark
yellow metals of medium weight. Both metals are
slightly magnetic and nonsparking.

(2) Silicon bronze will develop a reddish-
yellow color on the surface of the casting due to its
high copper content of 82 to 97 percent. A small
sample of silicon bronze placed into a beaker con-
taining concentrated nitric acid will, upon comple-
tion of the reaction, reveal a viscous or gelatinous
substance remaining in the solution.

(3) Aluminum bronze has a light yellow
color on its surface and a darker yellow color on
the surface of a fresh cut. The freshly ground or
cut surface of aluminum bronze will reveal a color
similar to that of red brass instead of a yellow
color as noted in manganese bronze. It is in the
color of a freshly exposed surface that will be
found the distinguishing characteristic which sepa-
rates aluminum from manganese bronze since fil-
ings from both of these metals are attracted to the
magnet. Aluminum bronze, unlike silicon bronze,
does not develop a jellied mass when dissolved in a
beaker of nitric acid.

f. Tests for Monel, Nickel-silver (German-
silver) or Cupro-nickel.
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{1) These three metals belong to the
copper-containing white metal group and are of
medium weight. Grind or file a fresh surface to
noie if the metal is white. Do not allow these
metals to become overheated from the grinding
wheel. Heat accelerates their reaction to acids.

{2) Apply one drop of concentrated nitric
acid to a freshly ground surface. The more copper
in the alloy, the faster the reaction will be to the
acid, so that it is important to note the speed of
the reaction as described below:

{a) Monel, regular, magnetic (70 percent
nickel and 30 percent copper) and “K” Monel, non-
magnetic (64 percent nickel, 30 percent copper and
4 percent aluminum) will slowly develop a milky
green color in solution.

(b) Nickel-silver, normally nonmagnetic
(60 percent copper, 20 percent nickel and 20 per-
cent zinc) will immediately develop a blue-green
color in solution and give forth a puff of smcke
due to the zinc content. Wash off the nitric acid
with water and observe surface. If a copper or
pink color develops on surface after rinsing in
water, the sample is nickel-silver (German-silver).

(c) Cupro-Nickel, nonmagnetic, (70 per-
cent copper, 30 percent nickel) rapidly develops a
blue-green color in the solution due to a greater
copper content than that of monel. Cupro-nickel
does not develop a copper or pink color on its
surface when rinsed with water and this helps to
distinguish this alloy from the nickel-silvers
{German-silver).

(3) Additional test methods for separating
monel, nickel-silver, and cupro-nickel.

(a) Spark Test.

1. Monel (regular or “K”) imparts
short red sparks in the carrier lines.

2. Cupro-nickel imparts short red
sparks in the carrier lines but pressure must be
maintained against the grinding wheel in order to
continue revealing sparks.

4. Nickel-silver, normally, does not
spark.

(b) Chemical Test.

1. Apply one drop of concentrated
nitric acid to freshly filed surface; if a green or
blue-green color develops in the solution, note the
speed of reaction which will determine the likely
copper content. These colors developing on a white
metal from nitric acid indicate copper is contained
in the alloy.

2. Add one drop of hydrochloric acid
to sample.

J. Add one or two drops of Solution B.
A red color developing in solution confirms the
presence of nickel and identifies the sample as
being a nickel-copper (Monel) or copper-nickel
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(cupro-nickel, nickel-silver) alloy since copper was
confirmed by the nitric acid.
g. Tests for Nickel:

(1) Nickel is white in color, of medium
weight and strongly magnetic. Nickel imparts very
short red sparks in the carrier lines when applied
to a grinding wheel.

(2) File or grind a clean surface. Apply
one drop of nitric acid to the clean surface. A pale
green color developing very slowly in solution
identifies a likelihood of nickel.

(3) To establish definite proof of nickel in
conjunction with the magnet and spark tests, add
one drop of hydrochloric acid to the nitric acid,
then one or two drops of Solution B. A red color
appearing in solution confirms nickel.

h. Tests for Zinc.

(1) Zinc is a bluish-gray metal of medium
weight. It is nonmagnetic and nonsparking.

(2) Zinc reacts vigorously in nitric acid
evolving very acrid fumes and a brown color. A
small sample or filings dropped into a Pyrex
beaker containing nitric acid reacts violently, com-
pletely dissolving the sample or filings. There will
be no precipitate remaining in solution.

i. Tests for Tin.

(1) Tin is a white metal of medium weight.
It is nonmagnetic and nonsparking.

(2) Tin filings also react vigorously in
nitric acid with almost the same acrid fuming and
brown color effect as zinc. Tin, however, does not
dissolve in nitric acid but forms a massive white
spongy-looking precipitate in the beaker glass
upon compietion of the reaction.

J. Tests for Magnesium:

(1) Magnesium is a white metal, very light
in weight, and is nonmagnetic and nonsparking.
This metal is one-third lighter in weight than alu-
minum.

(2) Apply one drop of silver nitrate solu-
tion (0.5 percent) to a clean surface. A black spot
immediately forming on the surface indicates ma-
terial is magnesium.

k. Tests for Aluminum:

(1) Aluminum is a white metal, light in
weight, and is also nonmagnetic and nonsparking.
This metal is two-thirds lighter in weight than
steel.

(2) Apply one drop of silver nitrate solu-
tion (0.5 percent) to a clean surface. A clear spot
remaining on the surface indicates material is alu-
minum.

(3) Aluminum with a copper content of 0.6
percent or more is known as Duralumin,

1. Tests for Titanium:
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(1) Titanium is a white metal, slightly
heavier in weight than aluminum and about one-
half the weight of steel.

(2) Titanium produces an unforgettable
brilliant white stream of sparks when applied to
the grinding wheel.

m. Tests for High Temperature Alloys: #

(1) All high temperature alloys are white
or gray in color.

(2) Except for titanium {(a lightweight
metal weighing about one-half the weight of steel,
and tungsten and molybdenum which are heavy
metals), high temperature alloys are of medium
weight.

(3) All high temperature alloys except
type 446 stainless steel (23-26 percent chromium)
are nonmagnetic.

(4) With the exceptions of titanium (which
produces brilliant white spark streams), the 300
series and 400 series stainless steels (which
produce straw-colored spark streams 14 inches to
18 inches in length), and tungsten (which produces
short yellow spark streams), all other high temper-
ature alloys (including type 446 stainless steel)
produce short red spark streams in varying
lengths between 1% inches to 6 inches when ap-
plied to the grinding wheel.

(5) To test for presence of cobalt in high
temperature alloys, apply one drop of concentrated
nitric acid to a clean surface area. There will be
no reaction to the nitric acid. Then, add one drop
of concentrated hydrochloric acid to the nitric
acid. A blue color developing by itself or within a
pea-green color in the solution identifies the pres-
ence of cobalt. If the pea-green color develops
alone in the solution, cobalt is not present, there-
fore, test for inconel/hastelloy or type 310 stain-
less steel. (See procedures ir subparagraph (7),
below.)

{6) Chemical Spot Testing to Separate
High Temperature Alloys Containing Nickel with
Cobalt from Alloys Containing Nickel with no
Cobalt.

(a) Clean surface of the sample.

(b) Apply nitric acid.

(c) Add hydrochloric acid.

(d) A blue (turquoise) color appearing in
the solution indicates cobalt is present in the alloy
(if pea-green only, proceed to (e), below). Next add
Solution B (which is a test for nickel) to determine
the comparative quantity of nickel in an alloy. A
deep red color indicates high nickel content and
low cobalt content. A pink or faint red color indi-
cates low nickel content and high cobalt content.

4 For further information on high temperature alloys, see
chapter V, paragraph C.

(e} A pea-green color indicates that the
alloy does not contain cobalt. Next add potassium
ferricyanide (which is a test for iron). A brown
color indicates an alloy with low iron content and
high nickel content (e.g., type 310 or 314 stainless
steel, Timken 16-25-6, Incoloy, other alloys which
have a higher nickel content than the 300 series
stainless steel group).

{7) To distinguish Inconel and/or hastelloy
from type 310 stainless steel:

{a) Upon determining from the “test for
cobalt” that the stainless steel or high tempera-
ture alloy contains no cobalt, add a few drops of
potassium ferricyanide solution (10 percent) to the
nitric and hydrochloric acid already on the sample
and observe.

(b) A brown color developing in solution
indicates low iron; therefore, Inconel or hastelloy.

(c) A blue or blue-black color developing
in solution indicates high iron; therefore, type 310
stainless steel. The 300 series stainless steels also
develop these colors, but they are readily separat-
ed from type 310 stainless steel by the spark test.
Spark streams from type 310 are approximately 6
inches in length, whereas other 300 series spark
streams are 12 to 18 inches in length.

(8) To distinguish high cobalt alloys from
low cobalt alloys:

(a) Upon determining from the ‘“test for
cobalt” that the alloy contains cobalt, add a few
drops of Solution B to the nitric and hydrochloric
acid already on the sample and observe.

(b) A faint or pale pink color developing
in the solution indicates low nickel and therefore
high cobalt.

(c) An extensive red color developing in
the solution indicates high nickel and therefore
low cobalt.

n. Tests for gold or gold-plated metals.

(1) Gold is a yellow metal and very heavy.
It is usually plated on medium weight metals such
as steel, nickel or copper-base alloys; but it may
also be plated on lightweight metals such as alu-
minum.

(2) Gold is a nonmagnetic and nonspark-
ing metal.

{3) Nitric acid has no effect on gold or
gold-plated metals.

(4) To identify the base metal in a gold-
plated sample, file a small niche in it and apply a
drop of nitric acid. If the nitric acid attacks the
base metal and a green color appears in solution,
it indicates a copper-base alloy. In the event that
gold has been plated on a high-value metal, such
as nickel for example, the total value of the nickel
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might be much greater than that of the gold plat-
ing.

(5) To test for the presence of gold, com-
plete the following test:

(a) Clean the surface to be tested of any
dirt, grease, or other organic surface coatings.
There must be direct contact between the metal
and reagents, otherwise reaction will not take
place.

(b} Gold is soluable in Aqua Regia (AR}
which is 3 parts hydrochloric acid and 1 part nitric
acid. Add AR to the surface and wait for a reac-
tion. Before the AR penetrates the gold and starts
attacking the base metal, add 3 drops of water.
(The solution only has to be slightly acidic but at
the same time has to have enough gold to provide
an adequate test.)

(¢) Pick up some of the solution on a
strip of filter paper and on the zone of the contact
add 2 drops of Stannous Chloride (SnCly). If pink-
ish red color develops then plating is gold. Cau-
ticn: Some red colored anodized aluminum, when
acted upon by HCl or AR, may have the red dye
dissolve. Don’t mistake it for gold.

o. Test for silver or silver-plated metals.

(1) Silver is a white, heavyweight metal. It
is unsually plated on medium or lightweight
metals.

(2) Silver is a nonmagnetic and nonspark-
ing metal.

(3) Place one drop of nitric acid on the
sample, then add one drop of hydrochloric acid. A
milky white flash forming immediately in the so-
lution, or a white precipitate (similar to fresh
fallen snow) forming on the sample, indicates that
the metal is silver or silver-plated.

(4) An alternative method of indentifying
silver is as follows:

(a) Add 1 drop of nitric acid to the clean
surface and then dilute with 2 drops of water. Add
1 drop of potassium chromate (K.CrO;) or potassi-
um dichromate (K;Cr.0;) and a red precipitate or
blood-like coloration will form indicating silver.

{(b) For fine silver adding a drop of silver
nitrate (AgNOs;) will cause no reaction. If the
silver is alloyed with copper, the reagent will leave
a dark spot. The more copper in the alloy, the
darker the spot.

p. In addition to the above methods in iden-
tifying metals and alloys, other methods used for
making a preliminary identification, principally by
dealers specializing in specific grades or types, in-
clude the following:

(1) Naval Bronze. Using an electric drill,
obtain a pigtail turning from its drillings. The
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inner surface of the turning will reveal a4 reddish
color. The turning breaks apart readily when
pulled.

(2) 70/40 Brass. Using an electric drill.
obtain a pigtail turning from its drillings. The
inner surface of the turning will reveal a yellowish
color. The turning breaks apart readily when
pulled.

(3) Silicon Bronze. Using an electric drill.
obtain a pigtail turning from its drillings. The
turning does not break apart readily when pulled
but feels springy.

(4) Muntz Metal Tube. Fractured not cut)
end reveals a brownish color in its break.

(3) Admiralty Metal Tube. Fractured tnot
cut) end reveals a greenish color in its break.

(6) Bervllium Copper. Heat sample to a
cherry red pitch just below its melting point, then
immerse in cold water. Beryllium copper retains
its original surface color after cooling, whereas
other copper-base alloys develop a red color on
their surface.

(7) Platinum and Other Precious Metals.
Heat sample until white hot, allow it to cool under
normal conditions. Platinum or a high platinum
alloy will retain its original surface color after
cooling, whereas other white or steel-gray precious
metals will become dark or black.

(8) Aluminum. Draw a sharp knife along
an edge of the sample. Aluminum is a soft metal
and will peel into a pigtail turning with the move-
ment of the knife.

(9) Magnesium. Draw a sharp knife along
an edge of the sample. Magnesium chips and
breaks off with the movement of the knife. Also.
magnesium filings burn with a hot, white light
when ignited.

6. Test Procedure Charts. The following charts
provide step-by-step guidance for identification of
metals and alloys. Figure IV-4 applies to very
heavy metals; Figure IV-5 to heavy metals; Figure
IV-6 to light metals and alloys; Figure IV-7 to
copper and copper alloys; and Figures IV-¥
through 1V-14 apply to ferrous and nonferrous
metals and alloys.

7. Metal Identification Tables. Table 1V-3 ref-
erences various identification tests and end use
applications of specific ferrous and nonferrous
metals. Table IV-4 lists chemical svmbols of
metals. Table IV-5 explains spark test results on
some common metals and Table IV-6 summarizes
the basic testing methods (visual, magnetic. spark.
and chemical) used in metals identification.
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